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Phase equilibria modeling and monazite petrochronology reveal a complex history for the 
Ruby Range, SW Montana, which provides insights into the reactivation and growth of the 
northwestern Wyoming craton. Metapelites and orthoamphibolites from three areas were 
investigated. Stone Creek, the structurally highest area along the western flank, records a 
clockwise P–T path with peak conditions of ~6.5 kbar and ~760 °C and post-peak conditions of 
~6.0 kbar and ~680 °C. Monazite growth in this area occurred at 1790–1723 Ma, with monazite 
inclusions in garnet at 1757 ± 8 Ma. Structurally deeper rocks at Elk Gulch in the south-central 
part of the range record a clockwise P–T path with peak conditions of ~9 kbar and ~780 °C and 
post-peak conditions of ~5–7 kbar and ~660 °C. Monazite growth in this area occurred at 1784–
1733 Ma, with monazite inclusions in garnet at 1769 ± 11 and 1757 ± 8 Ma for two samples. 
Monazite inclusions in cordierite record growth at 1752 ± 8 Ma. Five monazite grains contain 
older detrital cores. The structurally deepest rocks at Sweetwater Creek on the eastern flank 
record a clockwise P–T path with peak conditions of ~8–9 kbar and 750–800°C and post-peak 
conditions of ~5 kbar and 650–700 °C. Monazite records variable mixing between ca. 2.5 and 
1.75 Ga components, with an early population of 2520–2452 Ma relict cores and a younger 
population at 1783–1713 Ma. Monazite inclusions in garnet record growth at 1754 ± 6 Ma. The 
lack of older monazite in the Stone Creek area and shallower burial depths suggest that these 
sediments were deposited after the ca. 2.5 Ga event, either accumulating on a passive margin or 
juxtaposed as an allochthonous block post-2450 Ma. P–T–t paths from all three areas support a 
collisional setting for the Ruby Range during the Paleoproterozoic. Prograde metamorphism 
occurred from 1790–1760 Ma, followed by near isothermal decompression and re-equilibration 
following post-orogenic extension at 1760–1710 Ma. Collectively, these data indicate that rocks 
of the Ruby Range record a transition from reworked Archean craton to younger 
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Crustal evolution during orogenesis plays a fundamental role in the formation and 
stabilization of cratonic lithosphere. Two key aspects of cratonic growth are the addition of new 
material and the modification of pre-existing lithosphere. Exposed cratonic margins preserve 
evidence for both of these features and therefore provide key opportunities to examine the 
interplay between the processes of crustal accretion, metamorphism, anatexis, and exhumation. 
However, defining a cratonic boundary is not a simple task, as determination of crustal ages 
involves discriminating primary crystallization ages from both inherited/detrital ages from 
protoliths as well as from metamorphic ages that are recorded during tectonothermal reworking. 
By studying these marginal cratonic areas that have undergone tectonometamorphic events we 
may better understand how the Earth’s crust has changed in the past and compare these ancient 
processes to modern ones. 
The northwest margin of the Wyoming province (Fig. 1) records not only the remarkable 
phase of continental growth that led to the assembly of Laurentia from 2.0–1.7 Ga (Hoffman, 
1988), but also a poorly preserved early Proterozoic metamorphic event at ca. 2.5 Ga (Alcock 
and Muller, 2012; Alcock et al., 2013; Dahl et al., 2006; Heaman, 1997; Jones, 2008; Kellogg et 
al., 2003; Mueller et al., 2012). Since Laramide basement exposures at this margin preserve a 
structural cross section of mid to lower crust, this region provides a unique window for 
examining crustal evolution processes during Proterozoic orogenesis from 2.5–1.7 Ga. During 
the assembly of Laurentia, the northwest margin of the Wyoming province is thought to record 
arc-continent collision culminating in a regional continent–continent collisional metamorphic 






Figure 1. Map of basement provinces of southwest Laurentia, with 
Wyoming province basement exposures colored by terrane. Modified after 
Foster et al. (2006) and Mueller and Frost (2006). 
 
A key location within the Wyoming province for examining crustal evolution during the 
Proterozoic is the Ruby Range, a Laramide basement exposure at the northwest margin of the 
craton in SW Montana (Figs. 1 and 2). The Ruby Range is one of the westernmost exposures of 
the Wyoming province and is comprised of metasedimentary sequences along the western flank 





Figure 2. Geologic map of the Ruby Range with sample locations marked. Modified after 





Because of these features, rocks of the Ruby Range are likely to preserve a crustal window 
recording crustal modification and addition processes at the margin of the craton during the 
Proterozoic. 
This study integrates U–Pb geochronology with pressure-temperature (P–T) phase 
equilibria modeling to place quantitative constraints on the nature and timescales of crustal 
evolution processes during Proterozoic orogenesis in the Ruby Range. Monazite, a light rare 
earth element (LREE) phosphate, is especially useful in placing constraints on the timing of high 
grade metamorphism because it hosts radiometric isotopes with three different decay schemes 
(238U → 206Pb, 235U → 207Pb, and 232Th → 208Pb), incorporates little common lead (e.g. Corfu, 
1988; Seydoux-Guillaume et al., 2002; Williams et al., 2012), has a high closure temperature 
(>900 °C; Cherniak et al., 2004; Gardés et al., 2006), and often includes distinct chemical 
domains (e.g. Y and Th) that correspond to age domains (Ayers et al., 1999; Gibson et al., 2004; 
Mahan et al., 2006; Santosh et al., 2006). In addition, since the REE composition of monazite is 
dependent upon REE partitioning among other metamorphic phases such as garnet or feldspar, 
changes in REE concentration can be correlated with mineralogical changes in P–T space via 
phase equilibria modeling (Bea et al., 1994; Bea and Montero, 1999; Zhu and O'Nions, 1999). 
When combining petrologic observations of mineral assemblages and petrographic settings of 
monazite grains, this technique enables quantitative constraints on the P–T–t paths of tectonic 
events (e.g. Rubatto et al., 2013). New data described here suggest that the entire Ruby Range 
was profoundly affected by upper amphibolite facies metamorphism culminating at ca. 1.76 Ga 
during the Big Sky orogeny. Post-orogenic collapse, exhumation, and re-equilibration of the 
rocks at ~15–20 km depths followed peak metamorphism at 1.75–1.71 Ga. In addition, these new 




metasediments on the western flank that record only the ca. 1.75 Ga event, to reworked Archean 
cratonic rocks on the eastern side of the range that record both the ca. 2.5 Ga and 1.75 Ga events. 
 
2. Geological setting 
2.1. Regional setting 
Metamorphic rocks at the margin of the Wyoming province record crustal evolution 
during the assembly of the North American craton, Laurentia, from 2.0–1.7 Ga (Hoffman, 1988). 
The Wyoming province of Laurentia is thought to underlie an area of ca. 500,000 km2 (Fig. 1; 
Mueller and Frost, 2006), though less than 10% of the province is exposed, outcropping only in 
the interiors of basement-cored Laramide uplifts. The Wyoming province can be divided into 
three geologically distinct terranes: the Beartooth-Bighorn magmatic terrane (BBMT), the 
Montana metasedimentary terrane (MMT), and the Southern accreted terranes (Fig. 1, Mogk et 
al., 1992; Mueller et al., 1993; Mueller and Frost, 2006). The BBMT is dominated by 3.0–2.8 Ga 
trondhjemite–tonalite–granodiorite metaplutonic rocks, but also includes smaller volumes of 
high-K granodiorites, granites, and metasupracrustal rocks (Frost et al., 2006; Frost and Fanning, 
2006; Mogk et al., 1992; Wooden and Mueller, 1988). The MMT is comprised of younger Late 
Archean quartzite, pelite, and carbonate rock associations structurally intercalated with 3.2–3.0 
Ga trondhjemitic gneisses, as characterized from exposures in the northern Gallatin and Madison 
Ranges (Mogk et al., 1992; Mueller et al., 1993, 2004). Mogk et al. (1992) proposed that the 
MMT was not adjacent to the BBMT until 2.75-2.55 Ga, due to differences in metamorphic and 
structural styles, the compositions of the two terranes, and differences in isotopic ages. Mueller 
et al. (1998) further supported this idea due to a scarcity of 3.4–3.2 Ga zircon in the BBMT. 




Archean quartzites within both terranes. The depositional model is argued due to the variation in 
detrital signatures from geographically proximal locations and the depositional age is constrained 
from detrital ages and metamorphic overgrowths. The Southern accreted terranes are comprised 
of sequences of felsic, mafic, and ultramafic metavolcanics, and metasediments including pelitic 
schist, quartzite and iron formation thought to have formed via continental arc magmatism and 
terrane accretion from 2.7–2.5 Ga (Mueller and D'Arcy, 1990; Mueller and Frost, 2006). 
Collisional orogenesis occurred along the eastern, southern, and northwestern margins of 
the Wyoming province from 1.86–1.72 Ga (Gosselin et al., 1988; Harms et al., 2004; Mueller et 
al., 2002, 2004, 2005; Mueller and Frost, 2006; O'Neill and Lopez, 1985). The eastern margin 
records collision with the Superior province during the Black Hills orogeny between 1.77–1.72 
Ga (Dahl et al., 1999). The Cheyenne belt on the southern margin of the Wyoming province 
records the collision of Proterozoic arc terranes with the Wyoming province from 1.78–1.75 Ga 
(Chamberlain, 1998; Karlstrom and Houston, 1984; Whitmeyer and Karlstrom, 2007). The 
northwestern margin of the Wyoming province is interpreted to have undergone ocean basin 
closure followed by collision between the Wyoming province and the Medicine Hat block from 
1.78–1.72 Ga. The Medicine Hat block is comprised of 3.3–2.6 Ga basement underling much of 
southern Alberta, and is geophysically-defined by north-northwest aeromagnetic anomalies since 
it is generally overlain by at least 2 km of Phanerozoic sedimentary rocks (Cheney et al., 
2004a,b; Foster et al., 2006; Harms et al., 2004; Mueller et al., 2005; O'Neill, 1988; Villeneuve 
et al., 1993; Vogl et al., 2004). To the west of the Wyoming province lies the Selway terrane, a 
poorly exposed region of ca. 2.4–1.6 Ga basement overlain by thick sedimentary sequences and 




The timing of metamorphism along the northwest margin of the Wyoming province was 
first examined by Giletti (1966) and later by James and Hedge (1980). Based on K-Ar and Rb-Sr 
ages of basement rocks from across southwestern Montana, Giletti (1966) proposed that the 
northwestern MMT was thermally reset during the Paleoproterozoic at ca. 1.6 Ga, with the limit 
of isotopic resetting becoming known as Giletti’s line (Fig. 1). James and Hedge (1980) 
confirmed this regional ca. 1.6 Ga thermal event, while ascribing regional intense deformation 
and metamorphism to a 2.75 Ga orogeny. Later, the ca. 1.6 Ga event was interpreted as 
thermotectonic reworking during collisional orogenesis (Erslev and Sutter, 1990; O'Neill, 1988). 
The Great Falls tectonic zone (GFTZ) is positioned northwest of Giletti’s line, and 
represents a zone of northeast trending, high-angle faults and lineaments that extends from 
northeastern Idaho to Canada (Fig. 1; O'Neill and Lopez, 1985). The origin of the GFTZ has 
been a matter of debate owing to lack of exposure. Based on geophysical observations, it has 
variably been interpreted as a reactivated Archean shear zone, an Archean subduction zone, or a 
Proterozoic subduction zone (Boerner et al., 1998; Gorman et al., 2002; Lemieux et al., 2000). 
Recent studies in the Little Belt Mountains, the only basement exposure within the GFTZ, have 
identified a compositionally variable suite of 1.86 Ga intrusive rocks with a subduction zone 
geochemical character (Mueller et al., 2002; Vogl et al., 2004). This supports the interpretation 
that the GFTZ marks the suture between the Wyoming province and the Medicine Hat block, 
with the Little Belt Mountains representing a Paleoproterozoic continental arc on the overriding 
edge of the Medicine Hat block (Jones, 2008; Roberts et al., 2002).  
This collisional tectonothermal event has been best examined within the Tobacco Root 
Mountains, where it has been termed the Big Sky orogeny (Harms et al., 2004). In the Tobacco 




granulite facies metamorphic event occurring between 1.78–1.72 Ga (Cheney et al., 2004b). 
Cheney et al. (2004a) proposed a clockwise P–T path with peak metamorphic conditions of >10 
kbar and 700–800°C, followed by decompression and cooling to ~7 kbar and ~700°C. Rocks 
then underwent near isothermal decompression to 5 kbar during regional unroofing. Within the 
Tobacco Root Mountains, the only suite of rocks that yields strictly Proterozoic ages of 1.78–
1.72 Ga (Cheney et al., 2004b) is the Spuhler Peak Metamorphic Suite, which is comprised 
primarily of mafic rocks that have been interpreted as allochthonous mafic volcanics and 
sediments deposited in a marine environment accreted during the Big Sky orogeny (Burger et al., 
2004, Harms et al., 2004). Additionally, a mafic dike cross-cutting a gneissic fabric that provides 
evidence for an older remnant fabric, possibly formed during the 2.5 Ga event, has been dated at 
2.06 Ga (Cheney et al., 2004b; Mueller et al., 2004). 
 
2.2. Ruby Range 
The Precambrian rocks of the Ruby Range have been divided into three northeast-
trending units (Fig. 2). These units have been termed, from youngest to oldest, the Christensen 
Ranch metasedimentary suite (CRMS), the Dillon quartzofeldspathic gneiss (DQFG), and the 
older gneiss and schist unit (OGS; James, 1990). The CRMS is a structurally and lithologically 
complex sequence of metasupracrustal rocks along the western flank of the range. It includes 
dolomitic and calcitic marble, amphibolite, calc-silicate, quartzite, pelitic schist and gneiss, and 
minor iron formation and anthophyllite schist and gneiss. The DQFG forms the spine of the 
Ruby Range and consists of massive to well-foliated leucocratic garnet gneiss, garnet-bearing 
quartzofeldspathic gneiss, granitic gneiss, and minor marble, amphibolite, metapelitic gneiss and 




both igneous and sedimentary protoliths. The volumetrically minor OGS unit is dominantly 
comprised of layered biotite gneiss, augen gneiss, metapelitic gneiss and migmatite, hornblende 
gneiss, amphibolite, and minor gedrite-bearing orthoamphibolite. The OGS unit is distinguished 
from the CRMS primarily on the absence of marble and iron formation as well as its limited 
exposure along the eastern flank of the range at the structurally deepest levels. 
Within the central and southern Ruby Range there are numerous metamorphosed 
ultramafic bodies, ranging from <1 m to several km in length. The largest of these are in the 
southern Ruby Range and have been termed the Wolf Creek ultramafics (Heinrich, 1960, 1963). 
Desmarais (1981) interpreted the ultramafic rocks as having been emplaced as pre- or 
syntectonic coherent blocks. Desmarais (1981) cited microstructural data and mineral 
assemblages that indicate that the bodies were partially serpentinized prior to metamorphism and 
participated in the regional deformation, as the bodies are commonly elongate parallel to the 
regional foliation and often have foliations concordant with the surrounding rocks. Recent work 
by Alcock et al. (2013) examined migmatites within the vicinity of the Wolf Creek ultramafics. 
In contrast to Desmarais (1981), Alcock et al. (2013) favored the interpretation that the 
ultramafic rocks were emplaced as high temperature magmas, which resulted in anatexis to form 
the surrounding migmatites.  
The majority of the Precambrian rocks of the Ruby Range have been metamorphosed to 
upper amphibolite facies (James, 1990). Sillimanite is the ubiquitous aluminosilicate, with relict 
kyanite reported in two localities, one of which also occurs with staurolite (which is the location 
of sample SC13-4 reported in this study), where it likely represents a remnant of the prograde 




sillimanite occurs in both metapelitic gneisses and gedrite–anthophyllite gneisses throughout the 
range (Karasevich et al., 1981). 
The most recent P–T constraints on metamorphic conditions in the Ruby Range are 
several decades old (Dahl, 1979, 1980; Desmarais, 1981; Immega and Klein, 1976). Through an 
analysis of mineral equilibria in metamorphosed iron formation from the CRMS, Immega and 
Klein (1976) first constrained metamorphic conditions to 650–750 °C and 4–6 kbar. The most 
thorough examination of P–T constraints came from the work of Dahl (1979, 1980), which 
focused on amphibolites, mafic granulites, metamorphosed iron formation, metapelites, and 
dolomitic marble from two areas within the CRMS on the western and northern flanks of the 
range. For the northern locality, mineral pair thermometers yielded peak metamorphic conditions 
of 7.2 ± 1.2 kbar, 745 ± 50°C. For the western locality, peak metamorphic conditions of 6.2 ± 1.2 
kbar, 675 ± 45°C were established. Additionally, retrograde metamorphic conditions for the 
western locality were constrained at 4.0 ± 1.0 kbar, 570 ± 70°C based on coexisting garnet and 
cordierite. The work of Desmarais (1981) on the meta-ultramafic rocks within the southern Ruby 
Range supports these constraints, with peak metamorphism at 5–7 kbar and 710 °C. 
Within the Ruby Range, peak metamorphism was originally thought to have occurred at 
2.75 Ga based on Rb-Sr whole-rock dating of gneisses (James and Hedge, 1980). Later James 
(1990) proposed two periods of metamorphism, an upper amphibolite to granulite facies event at 
2.75 Ga and a greenschist to amphibolite 1.65 Ga retrogressive event related to the thermal 
resetting documented throughout southwestern Montana by Giletti (1966).  
More recent U-Pb geochronological analyses of zircon and monazite are summarized in 
Table 1. Previous work has identified three age populations: an igneous population at ca. 2.77 Ga 







      
Summary of previously reported Ruby Range zircon, monazite, and xenotime geochronology. Samples with multiple phases analyzed have been separated for clarity. EPMA and LA-ICPMS 
ages are reported with 2σ errors, whereas SHRIMP ages are 1σ errors. 
Unit
a
 Rock Type Mineral Dated 




Igneous age (Ma) Dating Method Reference 
CRMS metapelitic schist monazite 1814 ± 15     EPMA U-Th-Pb Jones (2008) 
CRMS metapelitic schist monazite 1779 ± 10     EPMA U-Th-Pb Jones (2008) 




Pb Jones (2008) 




Pb Jones (2008) 




Pb Jones (2008) 




Pb Jones (2008) 




Pb Jones (2008) 
DQFG migmatitic gneiss monazite   2404 ± 21   EPMA U-Th-Pb Jones (2008) 
DQFG migmatitic gneiss monazite   2444 ± 21   EPMA U-Th-Pb Jones (2008) 




Pb Alcock & Muller (2012) 
OGS migmatitic gneiss monazite 1805 ± 4     EPMA U-Th-Pb Alcock et al.  (2013) 
OGS migmatitic gneiss monazite 1829 ± 17     EPMA U-Th-Pb Alcock et al.  (2013) 
OGS migmatitic gneiss monazite 1782 ± 9 2408-2598   EPMA U-Th-Pb Alcock et al.  (2013) 




Pb Jones (2008) 




Pb Jones (2008) 




Pb Alcock & Muller (2012) 
a 






2012; Alcock et al., 2013; Jones, 2008; Mueller et al., 2012; Roberts et al., 2002). The 2.55–2.45 
Ga event has been hypothesized by some workers as a period of contraction and crustal 
accretion, referred to as the Tendoy orogeny (Kellogg et al., 2003; Mueller et al., 2012). 
Alternatively, other workers postulate that it corresponds to a period of rifting related to mantle 
plume activity and supercontinent breakup (Dahl et al., 2006; Heaman, 1997; Jones, 2008; 
Roberts et al., 2002).  
Within the Ruby Range, geochronological analyses from both the DQFG and OGS units 
indicate that monazite records both the 1.8–1.7 Ga and 2.55–2.45 Ga metamorphic events (Table 
1; Alcock et al., 2013; Jones, 2008). In contrast, zircon from these units records almost 
exclusively 2.5 Ga dates, with the exception of a spot age at 1.78 Ga and a spot age at 1.91 Ga 
(Alcock and Muller, 2012; Jones, 2008; Mueller et al., 1998). For rocks within the CRMS, 
monazite dates record only the 1.8 Ga event (Jones, 2008).  
Although the MMT has historically been interpreted as being Archean in age, the scarcity 
of supracrustal rocks within the Archean basement of North America led O’Neill and 
Christiansen (2002) to suggest a Paleoproterozoic age for some metasedimentary and meta-
igneous rocks in southwestern Montana. Using zircon geochronology, Alcock and Muller (2012) 
documented the presence of a 1769 ± 3 Ma biotite-garnet schist within the OGS unit of the Ruby 
Range (Table 1), encompassing an area ~2.5 km by 0.5 km. Alcock and Muller (2012) suggest a 
Proterozoic origin for the schist and the possibility of Archean crust being thrust faulted and 
imbricated with younger Proterozoic supracrustal rocks during the Big Sky orogeny. 
Additionally, Alcock et al. (2013) applied in situ U-Th-Pb electron microprobe monazite 
chemical dating to place constraints on the timing of metamorphism and partial melting of a suite 




previous estimates for the region by ca. 50 Ma (Alcock and Muller, 2012; Cheney et al., 2004b; 
Jones, 2008). 
Brady et al. (1998) obtained 40Ar/39Ar dates of 1.725 Ga from hornblende, 1.716–1.723 
Ga from phlogopite and 1.764 Ga from biotite in rocks associated with talc mineralization. The 
40Ar/39Ar data for biotite samples studied by Brady et al. (1998) yielded disturbed plateaus, and 
may have been affected by Mesoproterozoic talc mineralization. Taken together, the hornblende 
and phlogopite ages cluster at 1.72 Ga. This overlap in ages implies that the regional cooling was 
rapid in the interval between hornblende closure (c. 525°C) and phlogopite closure (c. 375–
325°C; McDougall and Harrison, 1988). 
 
2.3. Field relationships 
This study focuses on three areas within the Ruby Range: the Stone Creek area (SC) in 
the CRMS unit, the Elk Gulch area (EG) in the OGS unit, and the Sweetwater Creek area (SW) 
also in the OGS unit, but structurally deeper than at Elk Gulch (Fig. 2). 
The CRMS is characteristically heterogeneous in the Stone Creek area. Dominant 
lithologies include dolomitic and calcitic marble, amphibolite, pelitic schist and gneiss, and 
quartzite. Thicknesses of individual beds vary from several meters up to several hundreds of 
meters. Minor lithologies include calc–silicate gneiss, gedrite–anthophyllite schist, 
metamorphosed iron formation, meta-ultramafic rocks, and pegmatite. The fabric of this region 
is generally dominated by a NE-striking and moderate to steep NW-dipping foliation, which is 
expressed as lithologic layering as well as orientation of fold axes. 
In the Elk Gulch area, the OGS unit is comprised of garnet and sillimanite-bearing 




gedrite gneiss, and meta-ultramafic rocks. Modal melt abundance varies within the unit, from as 
little as 5% to greater than 30% (Fig. 3b,c).  
 
Figure 3. Photographs of selected lithologies. (a) SC13-6: Polished face of cut surface showing 
abundant cm–scale garnet porphyroblasts and the presence of plagioclase + quartz melt. (b) 
EG13-4: Outcrop photo of migmatitic paragneiss. The amount of melt present and degree 
deformation can be highly variably in this locality, even at the outcrop scale. (c) EG13-4: 
Polished face of cut surface. Garnet is restricted to the neosome. (d) SW12-1A: The ~3–cm–long 





Several large amphibolite bodies traceable for several kilometers along strike are present in this 
area. As noted by Alcock et al. (2013) and Desmarais (1981), the largest bodies of ultramafic 
rocks present in the Ruby Range occur in the Elk Gulch area. No systematic variation in foliation 
or in melt volume was observed in the migmatitic gneiss with respect to the ultramafic bodies. 
Additionally, garnet-bearing granitic gneiss and garnet amphibolite occur in close proximity to 
the ultramafic bodies without showing any preservation of a reaction zone at the contact with the 
ultramafic bodies. The fabric of this region is generally dominated by a NE-striking and 
moderate NW-dipping foliation, which is expressed as lithologic layering as well as orientation 
of fold axes. Lineations are generally N trending and with a moderate plunge. 
In the Sweetwater Creek area, the OGS is dominated by garnet-bearing migmatitic 
gneiss, granitic gneiss, garnetiferous quartzofeldspathic gneiss, garnet–sillimanite ± cordierite 
gneiss, garnet amphibolite, garnet leucogneiss, and meta-ultramafics. In this area, migmatitic 
gneiss is less abundant compared to in Elk Gulch, and garnet-bearing quartzofeldspathic gneiss 
and granitic gneiss dominates. Pelitic layers range in thickness from <1–3 m, with individual 
sillimanite porphyroblasts up to 5–cm–long (Fig. 3d). The fabric of this region is generally 
dominated by a NE-striking and moderate to steep SE-dipping foliation, which is expressed as 
lithologic layering as well as orientation of fold axes. Lineations are generally NE-trending with 
a shallow plunge. 
 
3. Analytical techniques 
3.1. Petrography, mineral chemistry, and bulk rock geochemistry  
Polished thin sections were examined with a polarizing microscope, supported by 




compositional maps obtained with the Tescan Vega-3 LM Scanning Electron Microscope (SEM) 
housed in the Department of Geosciences, University of Montana. The SEM is equipped with an 
Oxford Instruments 80mm2 X-Max SDD energy-dispersive analytical system.  
Chemical analyses of minerals were determined by calibrating the instrument to a range 
of natural and synthetic standards and applying an XPP matrix correction (Newbury and Ritchie, 
2013). For spot analyses, accelerating voltage was 20 kV, beam current 2 nA, and live counting 
time was 120 seconds. Spot analyses were performed with a focused beam and standardized 
results are unnormalized. Bulk rock geochemical analysis of samples was conducted at 
Washington State University’s GeoAnalytical Lab. Representative samples were cut from hand 
samples to remove weathered surfaces, then crushed and split to obtain 100 g of sample. Samples 
were then powdered and fused twice. Glass beads were analyzed via X-ray fluorescence (XRF) 
on the Thermo-ARL automated XRF spectrometer. XRF analyses measured 10 major elements 
(Si, Ti, Al, Fe, Mn, Mg, Ca, Na, K, P) and 22 trace elements (Ni, Cr, Sc, V, Ba, Rb, Sr, Zr, Y, 
Nb, Ga, Cu, Zn, Pb, La, Ce, Th, Nd, U, Cs, As, W). 
 
3.2. Laser ablation split stream ICP-MS analyses 
In preparation for analysis, thin sections were mapped using SEM-EDS in order to locate, 
characterize the petrographic setting of and characterize intragrain compositional domains of 
monazite (Williams et al., 2007; Williams and Jercinovic, 2002). Grains were located in situ via 
full section BSE imaging and EDS mapping. Petrographic setting was characterized through 
BSE imaging and intragrain compositional domains were determined primarily from EDS maps 




LASS ICP-MS analyses were conducted at the plasma source LASS ICP-MS facility at 
the University of California, Santa Barbara. Monazite grains were ablated by a Photon Machines 
excimer laser (193 nm wavelength, 4 ns pulse-width ATL-Lasertechnik ArF system) with a 10 
µm spot size. The laser aerosol stream was split and sent to a high-resolution multi-collector 
(MC) ICP-MS (Nu Plasma HR) for measurement of U-Th-Pb isotopes, and to an Agilent 7700 
quadrupole ICP-MS for measurement of REE abundances. Cottle et al. (2012) and Kylander-
Clark et al. (2013) provide detailed descriptions of analytical methods. Data were reduced using 
the Iolite v.2.2 plugin operating within the Igor Pro platform (Paton et al., 2011).  
A primary reference monazite, “44069” (425  Ma Pb/U isotope dilution-thermal 
ionization mass spectrometry [ID-TIMS] age; Aleinikoff et al., 2006), was employed to monitor 
and correct for mass bias, as well as Pb/U and Pb/Th downhole fractionation, while trace element 
data were normalized to the in-house “Stern” reference monazite. To monitor data accuracy, two 
secondary reference monazites “FC-1” (55.7 Ma Pb/U ID- TIMS age; Horstwood et al., 2003) 
and “Managotry” (554 Ma Pb/U ID-TIMS age; Horstwood et al., 2003) were analyzed 
throughout the analytical session. 
Concordia diagrams were plotted and statistics were calculated using Isoplot (v. 4.15) 
(Ludwig, 2012). All dates in this study were calculated using the U decay constants of Steiger 
and Jäger (1977) and the Th decay constant of Amelin and Zatisev (2002). All uncertainties are 
quoted at 95% confidence or 2σ and include contributions from the external reproducibility of 








Five metapelite and two orthoamphibolite samples were selected for petrochronology. 
Samples were selected based on the presence of metamorphic mineral assemblages and textures 
appropriate for P–T study and geographic distribution across the three areas (Fig. 2; Table 2). 
From these seven samples, one sample from the Stone Creek area and two samples from each of 
the Elk Gulch and Sweetwater Creek areas were used for the phase equilibria modeling. 
 
4.1. Stone Creek (SC13-4 and SC13-6) 
 Sample SC13-4 is an anthophyllite–gedrite–garnet–biotite–staurolite schist collected 
from the Stone Creek area of the CRMS on the western flank of the range (Figs. 2 and 4a,b). The 
exposure occurs as a ~20–m–thick layer within a 370–m–thick marble unit. A 20–m–thick zone 
of garnet–diopside calc–silicate gneiss that is intruded by amphibolite occurs directly adjacent to 
this sample, which then grades into a relatively pure calcitic marble. 
 The peak metamorphic assemblage in this sample is characterized by coarse-grained 
garnet, biotite, anthophyllite–gedrite, along with plagioclase, quartz, rutile, and ilmenite (Fig. 
4a). Two distinct orthoamphiboles, anthophyllite and gedrite, are present in this sample. In some 
cases individual orthoamphibole grains are strongly zoned, with low-Al anthophyllite cores 
containing abundant plagioclase inclusions, and high-Al gedrite rims with >15 wt % Al2O3. 
Garnet is large (> 5 mm) and dominantly anhedral and irregular in shape, however there are 
distinct crystal faces observed at the rims of some grains. Staurolite occurs as <2 mm grains both 
as inclusions in garnet as well as distributed throughout the matrix and is commonly rimmed by a 
narrow corona of pinite. No fresh cordierite is present in this sample. Scarce relict inclusions of 







                      Sample mineralogy and inferred peak assemblages. 
Sample Unita Rock Type GPS Coordinates  Mineralogyb Peak assemblage 
  UTM Zone 12 Grt Sil Ky Crd Bt St Ged Ath Ksp Pl Qtz Rt Ilm Ap Mag Mnz Zrn 
SC13-4 CRMS garnet-gedrite-
anthophyllite schist 
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Qtz + Ilm + Rt 






   
T x x 
 
x x T x x 
Grt + Sil + Bt + Ksp + Pl + Ilm 
+ Qtz + melt 




   
x x x T T 
  
x x 
Grt + Sil + Bt + Ksp + Pl + Rt ± 










T x x x x 
 
x x 
Grt + Ged + Crd + Qtz ± Bt + 









    
x x x x x T x x 
Grt + Sil + Bt + Pl + Rt + Ilm + 









    
x x x x x 
 
x x 
Grt + Sil + Bt + Pl + Rt + Ilm + 




x x   R x         x x x x x T x x 
Grt + Sil + Bt + Pl + Rt + Ilm + 
Qtz + melt 
a CRMS = Christensen Ranch metasedimentary suite, OGS = Older gneiss and schist. 
          b P = pinite, R = retrograde, T = trace amount. Mineral abbreviations after Kretz (1983) and Whitney & Evans (2010). 





Figure 4. Photomicrographs of orthoamphibolites. Mineral abbreviations after Kretz (1983) and 
Whitney & Evans (2010). (a) SC13-4: PPL image showing garnet porphyroblast rimmed by 
biotite. Upper right corner of image shows staurolite grain rimmed by pinitized cordierite. 
Foliation is defined by biotite and orthoamphibole. (b) SC13-4: Backscattered electron (BSE) 
image of relict kyanite inclusion in staurolite. The staurolite is included in a large garnet 
porphyroblasts, the edges of which can be seen at the borders of the image. (c) EG13-5: PPL 
image of irregular and embayed, inclusion-rich garnet and bladed gedrite. Cordierite primarily 
replaces garnet. Pleochroic halos are apparent in the cordierite. (d) BSE image of euhedral 
gedrite inclusion in garnet surrounded by quartz matrix. The monazite inclusion in this garnet is 





Sample SC13-6 is a garnet–sillimanite gneiss collected from the Stone Creek area of the 
CRMS on the western flank of the range approximately 700 m SE of SC13-4 (Figs. 2 and 3a). 
The exposure occurs in a ~10–m–thick layer between a ~5–m–thick concordant tourmaline 
pegmatite sill below the pelitic zone and a 100–m–thick migmatitic garnet amphibolite sill above 
the pelitic zone. Much of the gneiss is deeply weathered, with accumulations of ~1 cm garnets in 
small hollows.  
The peak metamorphic assemblage in this sample is characterized by coarse-grained 
garnet, plagioclase, biotite, and quartz, with fine-grained sillimanite and accessory K-feldspar 
and ilmenite, all in direct contact. Subhedral garnet occurs as 2–10 mm inclusion-rich 
porphyroblasts (Figs. 5a and 6a). Inclusions in garnet include plagioclase, biotite, quartz, 
ilmenite, magnetite, apatite, zircon, and monazite. Inclusions of quartz, biotite and ilmenite are 
most abundant. Inclusion trails reveal synkinematic rotation of garnet. Garnet is often embayed 
where in contact with biotite. Biotite and sillimanite wrap garnet, commonly forming tails within 
strain shadows. Sillimanite occurs within the matrix as prismatic needles up to 500–µm–long and 
comprises ~1% of the total rock by volume. Sillimanite and biotite define the foliation. Trace 
amounts of K-feldspar occur as patches up to 80 µm across within larger plagioclase grains (Fig. 
6b). Abundant ilmenite occurs both within the matrix and as inclusions within garnet. One small 
grain of magnetite occurs adjacent to garnet. Monazite and zircon both occur as inclusions in 
garnet and in the matrix. Melt is inferred from the presence of ~2 mm x 10 mm pods of quartz 
and plagioclase at the outcrop scale and 1–cm–thick layers of quartz and plagioclase parallel to 
the gneissic foliation in thin section (Fig. 3a). Based on these observations, the peak 
metamorphic assemblage is interpreted as garnet + sillimanite + K-feldspar + plagioclase + 








Figure 5. Photomicrographs of metapelites: (a) SC13-6: PPL image showing garnet 
porphyroblast with numerous inclusions and sillimanite needles and biotite wrapping garnet. (b) 
EG13-4: PPL image of sillimanite needles partially wrapping a large, neosome hosted garnet. (c) 
EG13-4: XPL image of perthite and quartz in neosome. (d) SW12-1A: PPL image of a circular 
bundle of prismatic sillimanite grains, layers of prismatic sillimanite grains, and abundant 
pinitized cordierite. (e) SW12-1A: PPL image of garnet porphyroblast with sillimanite, quartz, 
plagioclase, rutile, and ilmenite inclusions. (f) SW13-4: PPL image of resorbed garnet 
porphyroblast with quartz and ilmenite inclusions. 
 
4.2. Elk Gulch (EG13-4 and EG13-5) 
 Sample EG13-4 is a stromatic garnet-sillimanite migmatitic paragneiss from the OGS 
unit at Elk Gulch (Figs. 2 and 3b). This sample contains well-banded paleosome and neosome on 
the thin section scale (Fig. 3c). The outcrop contains a gneissic foliation striking NE-SW and 
dipping moderately to the north with a down-dip mineral lineation. 
The peak metamorphic phase assemblage in this sample is characterized by coarse-
grained garnet, plagioclase, K-feldspar (mesoperthite/antiperthite), biotite, and quartz, with fine-
grained sillimanite and accessory ilmenite and rutile, all in direct contact. Garnet occurs as 
subhedral 1–5 mm porphyroblasts with few inclusions of quartz, rutile, ilmenite, monazite, and 
zircon (Fig. 5b). Garnet occurs primarily within the neosome, but often abuts paleosome, where 
biotite partially wraps garnet. Sillimanite occurs as foliation-defining needles up to 1–mm–long. 
Stubby, biotite grains up to 500–µm–long are present in only trace amounts within the neosome, 
but comprise up to 30% of the paleosome. Biotite is often embayed by quartz. Feldspar is 
primarily mesoperthite/antiperthite, occurring with discrete grains of plagioclase, and more 
rarely discrete grains of K-feldspar (Figs. 5c and 6c). K-feldspar is limited to areas rimming 
mesoperthite grains. Distinct grains of plagioclase are common, though less abundant than 
mesoperthite. Feldspars occur primarily as foliation-parallel neosome bands up to 1–cm–thick, 





Figure 6. Layered EDS chemical maps. (a) SC13-6: Full thin section chemical map showing 
garnet porphyroblasts partially wrapped by sillimanite and biotite. (b) SC13-6: Small patches of 
K-feldspar that are not readily observable with a petrographic microscope. (c) EG13-4: 
Representative quartz, plagioclase, K-feldspar, and antiperthite neosome. (d) SW12-1A: Partial 
cordierite corona replacing garnet outlined in white. (e) SW13-4: Cordierite corona replacing 





accounts for ~30% of the total rock by volume (Fig. 3c). Accessory phases include rutile, 
ilmenite, monazite, and zircon and all of these phases occur both as inclusions in garnet and 
within the matrix. Based on these observations, the peak metamorphic assemblage for this 
sample is interpreted as garnet + sillimanite + biotite + plagioclase + K-feldspar + rutile ± 
ilmenite + quartz + melt. 
Sample EG13-5 is a garnet–gedrite–cordierite gneiss from the OGS collected ~30 meters 
away from sample EG13-4. The rock contains a gneissic NE-SW foliation, dipping moderately 
to the north with a well-defined down-dip lineation. Garnet occurs in pods and is not distributed 
uniformly throughout the rock. Cordierite is apparent as distinctive white streaks on the foliation 
surfaces and is more concentrated in garnet pods where it replaces garnet. The peak metamorphic 
assemblage in this sample is characterized by coarse-grained garnet, gedrite, cordierite, and 
quartz (Fig. 4c). Cordierite in some cases clearly post-dates the growth of garnet and gedrite, but 
in other cases is intergrown with gedrite in a more ambiguous textural relationship. Euhedral 
gedrite inclusions also occur in garnet (Fig. 4d). The sample only contains scarce amounts of 
retrograde plagioclase that rim gedrite. Biotite occurs in trace amounts and is typically partially 
chloritized. Both rutile and ilmenite occur in the sample, but rutile is more abundant. Both oxide 
phases occur as inclusions in garnet and gedrite. Based on these interpretations, the peak 
metamorphic assemblage for this sample is interpreted as garnet + gedrite + quartz ± biotite + 







4.3. Sweetwater Creek (SW12-1A, SW12-2C, and SW13-4) 
Samples SW12-1A and SW12-2C are sillimanite–cordierite–garnet gneisses collected 
from the southeastern flank of the range within the OGS unit (Fig. 2). Both samples were 
collected from similar outcrops 80 meters apart. SW12-1A has 1 cm, circular clusters of 
sillimanite laths (Fig. 5d), whereas SW12-2C contains larger prismatic laths of sillimanite up to 
5– cm–long (Fig. 3d). Both outcrops occur as discrete m-scale concordant layers that can be 
followed discontinuously for 10’s of meters along a northeast striking ridge. SW12-2C contains a 
gneissic foliation striking NE-SW and dipping steeply to the SE. Between the two outcrops are 
outcrops of amphibolite, garnet amphibolite, and migmatitic garnet amphibolite interlayered with 
granitic gneiss and garnet-bearing granitic gneiss. 
The peak metamorphic phase assemblage in SW12-1A is characterized by coarse-grained 
garnet, sillimanite, plagioclase, biotite, and quartz, with accessory ilmenite and rutile, all in 
direct contact. Garnet occurs as anhedral 1–2.5 mm strongly resorbed porphyroblasts with 
inclusions of rutile, quartz, sillimanite, ilmenite, plagioclase, apatite, zircon, monazite, and 
magnetite (Figs. 5e and 6d). Quartz and rutile occur as inclusions in most garnet porphyroblasts. 
Sillimanite and ilmenite are also common inclusions in garnet. Sillimanite inclusions are 
typically <200 µm, and the only sillimanite inclusions >500 µm occur in domains adjacent to 
quartz or plagioclase. All inclusions have a random orientation, suggesting garnet growth 
initiated prior to deformation. Sillimanite occurs as circular clusters measuring up to ~1 cm in 
diameter, layers of prismatic grains with individual lengths up to 2 mm, and needles <200 µm–
long (Figs. 5d and e). Needles only occur as inclusions within garnet. Biotite occurs as a minor 
phase (~5%) confined to the matrix. Sillimanite, quartz, biotite, and ilmenite define a gneissic 




a discrete matrix phase, as coronas up to 400–µm–thick replacing garnet and as coronas up to 
100–µm–thick replacing sillimanite (Fig. 6d). Cordierite is partially pinitized in places, but is 
primarily unaltered. Accessory phases include rutile, ilmenite, magnetite, apatite, monazite and 
zircon, which occur both as inclusions within garnet and in the matrix. 
Melt is inferred from the presence of 2–mm–thick lenses of quartz and plagioclase 
parallel to the foliation. Retrograde muscovite and sericite are present, muscovite in trace 
amounts and sericite up to 5%, primarily replacing plagioclase. Based on these observations, the 
peak metamorphic assemblage is interpreted to be garnet + sillimanite + plagioclase + biotite + 
quartz + ilmenite + rutile + melt. The retrograde metamorphic assemblage is interpreted as garnet 
+ cordierite + sillimanite + plagioclase + biotite + quartz + ilmenite, with cordierite replacing, 
but not fully consuming garnet and sillimanite. 
The peak metamorphic phase assemblage in SW12-2C is characterized by coarse-grained 
garnet, sillimanite, plagioclase, biotite, quartz and melt with accessory ilmenite and rutile, all in 
direct contact with each other. Garnet occurs as 1–2 mm skeletal grains with inclusions of quartz, 
sillimanite, ilmenite, rutile, biotite, apatite, zircon, monazite, and magnetite. Inclusions within 
garnet are both aligned with, and discordant to the main foliation, suggesting that garnet growth 
began prior to, and continued during deformation. Sillimanite and quartz inclusions occur in 
most garnet porphyroblasts, ilmenite and rutile occur commonly, and all other inclusions occur 
only rarely. Sillimanite occurs as prismatic laths up to 5–cm–long in hand sample and as 
prismatic grains up to 1–mm–long. Sillimanite, quartz, biotite, and ilmenite define a gneissic 
foliation that wraps garnet and the larger sillimanite laths. Biotite is more abundant (~20%) than 
in sample SW12-1A and occurs in both the matrix as well as inclusions within the cm-scale 




rutile, ilmenite, magnetite, apatite, monazite and zircon and occur both as inclusions within 
garnet and within the matrix. Melt is inferred from the presence of 1–cm–thick pods and 4–mm–
thick layers of quartz and plagioclase parallel to the foliation. Based on these observations, the 
peak metamorphic assemblage is interpreted to be garnet + sillimanite + plagioclase + biotite + 
quartz + ilmenite + rutile + melt. The retrograde metamorphic assemblage is interpreted as garnet 
+ cordierite + sillimanite + plagioclase + biotite + quartz + ilmenite, with cordierite replacing, 
but not fully consuming garnet and sillimanite. 
Sample SW13-4 is a cordierite–sillimanite–garnet gneiss collected from the southeastern 
flank of the range, approximately 400 m from samples SW12-1A and SW12-2C (Fig. 2). This 
sample also occurs in the OGS unit. In the field, only one exposure of this particular cordierite-
rich lithology was observed, with the outcrop measuring a few meters across. Intermittent 
exposures of coarse garnet–sillimanite gneiss are the dominant lithology in this layer. The 
outcrop has a gneissic foliation striking at NE-SW and dipping moderately to the SE. 
The peak metamorphic phase assemblage in this sample is characterized by coarse-
grained garnet, sillimanite, plagioclase, biotite, and quartz with accessory ilmenite and rutile, all 
in direct contact. Garnet occurs as subhedral 1–2 mm strongly resorbed porphyroblasts with 
inclusions of prismatic sillimanite, quartz, plagioclase, rutile, ilmenite, magnetite, apatite, and 
monazite (Figs. 5f and 6e). Inclusions of sillimanite and quartz are ubiquitous and inclusions of 
plagioclase, rutile and ilmenite are common. All inclusions have a random orientation, 
suggesting garnet growth begin prior to deformation. Cordierite comprises up to 50% of the total 
rock by volume. Additionally, coronas replacing garnet are observed (Fig. 6e). Sillimanite occurs 
as prismatic grains up to 10–mm–long, but no wider than 1 mm. Prismatic sillimanite occurs as 




not observed, but sillimanite often occurs completely surrounded by extensive areas of cordierite. 
Biotite occurs as sub-millimeter equant to prismatic crystals, with no preferred orientation. 
Accessory phases include rutile, ilmenite, magnetite, apatite, monazite, and zircon and occur 
both as inclusions in garnet and throughout the matrix. Melt is inferred based on the presence of 
6–mm–thick layers of quartz and plagioclase parallel to the foliation. Based on these 
observations, the peak metamorphic assemblage is interpreted to be garnet + sillimanite + 
plagioclase + biotite + quartz + ilmenite + rutile + melt. The retrograde metamorphic assemblage 
is interpreted as garnet + cordierite + sillimanite + plagioclase + biotite + quartz + ilmenite, with 
cordierite replacing but not fully consuming garnet and sillimanite. 
  
5. Mineral Chemistry 
5.1. Stone Creek 
Representative mineral chemistry analyses for samples SC13-6, EG13-4, EG13-5, SW12-
1A, and SW13-4 are presented in Tables 3–6. Garnet in sample SC13-6 is Alm82-85Prp10-13Grs03-
04Sps01. Garnet cores are unzoned, with XFe = 0.86–0.88 where XFe = Fe2+ / (Fe2+ + Mg). Narrow 
rims are slightly enriched in Fe and depleted in Mg (XFe = 0.89-0.90). Fe–Mg zoning in the rims 
is consistent with diffusive re-equilibration during resorption. Ca is unzoned, with XGrs = 0.04 
and one analysis of XGrs = 0.03, where XGrs = Ca/(Fe2+ + Mg + Ca + Mn). The composition of 
biotite inclusions in garnet ranges from XFe = 0.52–0.57 for 8 inclusions in 4 different garnet 
porphyroblasts. Matrix biotite grains have more Fe-rich compositions, ranging from XFe = 0.62–
0.64. The composition of plagioclase in the matrix ranges from XAn = 0.23–0.27, where XAn = 






          Representative garnet SEM-EDS analyses. 
Sample SC13-6 SC13-6 EG13-4 EG13-4 EG13-5 EG13-5 SW12-1A SW12-1A SW13-4 SW13-4 
Setting Core Rim Core Rim Core Rim Core Rim Core Rim 
SiO2 37.13 37.03 38.13 37.59 39.10 38.33 37.97 38.23 38.24 37.43 
TiO2 0.04 0.02 0.01 0.04 0.01 0.01 0.01 0.01 0.02 0.01 
Al2O3 21.02 21.34 21.73 21.67 22.06 21.73 21.81 21.86 21.89 21.37 
FeO 36.67 36.95 33.93 36.19 29.73 30.97 31.80 34.21 32.82 34.29 
MgO 3.37 2.34 6.64 4.54 9.13 7.80 5.84 4.56 5.71 3.89 
MnO 0.44 0.50 0.25 0.30 0.25 0.26 0.57 0.85 0.62 0.74 
CaO 1.28 1.30 0.11 0.19 0.64 0.69 2.09 1.45 1.75 1.68 
 99.95 99.48 100.80 100.52 100.92 99.79 100.09 101.17 101.05 99.41 
           
Si 2.992 3.002 2.985 2.987 2.996 2.995 2.987 3.002 2.988 3.003 
Ti 0.002 0.001 0.001 0.002 0.001 0.001 0.001 0.001 0.001 0.001 
Al 1.996 2.039 2.005 2.029 1.992 2.001 2.022 2.023 2.016 2.021 
Fe
2+
 2.471 2.505 2.221 2.404 1.905 2.024 2.092 2.247 2.145 2.301 
Mg 0.405 0.283 0.775 0.538 1.043 0.909 0.685 0.534 0.665 0.465 
Mn 0.030 0.034 0.017 0.020 0.016 0.017 0.038 0.057 0.041 0.050 
Ca 0.111 0.113 0.009 0.016 0.053 0.058 0.176 0.122 0.147 0.144 
           
XFe 0.86 0.90 0.74 0.82 0.65 0.69 0.75 0.81 0.76 0.83 
           
XAlm 0.82 0.85 0.74 0.81 0.63 0.67 0.70 0.76 0.72 0.78 
XSps 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.02 
XPrp 0.13 0.10 0.26 0.18 0.35 0.30 0.23 0.18 0.22 0.16 
XGrs 0.04 0.04 0.00 0.01 0.02 0.02 0.06 0.04 0.05 0.05 
Normalized to 12 oxygens. 
        
5.2. Elk Gulch 
Garnet in sample EG13-4 is Alm73-81Prp18-26Grs00-01Sps00-01. Garnet in paleosome and 
neosome has similar compositions and garnet cores are unzoned. Two garnet porphyroblasts 
have rims depleted in Fe and enriched in Mg relative to cores, with rims XFe = 0.74–0.75 and 
cores XFe = 0.74–0.77. Three other grains analyzed have rims enriched in Fe and depleted in Mg, 





      Representative biotite SEM-EDS analyses.  
Sample SC13-6 SC13-6 EG13-4 EG13-5 SW12-1A SW13-4 
Setting Grt Inclusion Matrix Matrix Matrix Matrix Matrix 
SiO2 36.37 35.40 36.06 38.14 34.71 36.10 
TiO2 3.83 3.77 3.05 3.63 5.10 3.75 
Al2O3 17.96 19.55 19.00 16.76 18.05 19.36 
FeO 20.05 22.10 16.99 15.62 17.50 16.73 
MgO 9.64 7.22 11.48 13.81 9.58 10.06 
CaO 
   
0.07 
  
Na2O 0.36 0.21 0.18 0.31 0.24 0.15 
K2O 8.85 9.46 9.53 8.950 8.82 9.27 
 97.06 97.70 96.30 97.29 94.00 95.41 
       Si 2.715 2.658 2.682 2.766 2.656 2.699 
Ti 0.215 0.213 0.171 0.199 0.294 0.211 
Al 1.580 1.73 1.666 1.438 1.627 1.706 
Fe
2+
 1.251 1.387 1.057 0.951 1.12 1.046 
Mg 1.073 0.808 1.273 1.499 1.093 1.121 
Ca 
   
0.005 
  Na 0.052 0.031 0.026 0.044 0.036 0.022 
K 0.843 0.906 0.904 0.831 0.861 0.884 
       
XFe 0.54 0.63 0.45 0.39 0.51 0.48 
Normalized to 11 oxygens. 
 
is consistent with diffusive re-equilibration during resorption. In summary, though there is some 
intergrain variation in this sample, the cores of garnet porphyroblasts generally yield 
compositions from XFe = 0.74–0.79, with little variation within individual porphyroblasts. The 
composition of biotite is also similar between paleosome and neosome, but does differ 
considerably between matrix grains and grains rimming and or embaying garnet. The 
composition of matrix biotite ranges from XFe = 0.47–0.50. The composition of biotite rimming 
garnet ranges from XFe = 0.42–0.47, with one anomalously low analysis of XFe = 0.38. The 





        Representative plagioclase SEM-EDS analyses. 
Sample SC13-6 SC13-6 EG13-4 EG13-4 SW12-1A SW12-1A SW13-4 SW13-4 
Mineral Pl Pl Pl Ksp Pl Pl Pl Pl 
Setting Matrix Grt Inclusion Matrix Matrix Matrix Grt Inclusion Matrix Grt Inclusion 
SiO2 60.50 61.54 66.08 64.55 57.54 54.10 55.25 54.31 
Al2O3 24.61 24.84 20.63 19.07 26.71 28.80 28.65 28.92 
FeO 0.11 0.08 0.03 0.08 0.09 0.11 0.04 0.15 
CaO 5.61 5.71 0.95 0.05 8.28 10.68 10.38 10.86 
Na2O 8.48 8.46 11.42 1.61 6.90 5.31 5.65 5.29 
K2O 0.25 0.42 0.17 14.15 0.17 0.16 0.21 0.19 
 99.57 101.06 99.28 99.51 99.69 99.16 100.18 99.72 
         Si 2.704 2.710 2.923 2.980 2.585 2.461 2.484 2.458 
Al 1.296 1.289 1.075 1.040 1.414 1.544 1.518 1.543 
Fe
2+
 0.004 0.003 0.001 0.000 0.003 0.004 0.002 0.006 
Mg 
        Ca 0.269 0.269 0.045 0.000 0.399 0.520 0.500 0.527 
Na 0.735 0.722 0.979 0.140 0.601 0.468 0.493 0.464 
K 0.014 0.024 0.010 0.830 0.010 0.009 0.012 0.011 
         
XAn 0.26 0.27 0.04 0.00 0.39 0.52 0.50 0.53 
XAb 0.72 0.71 0.95 0.14 0.60 0.47 0.49 0.46 
XOr 0.01 0.02 0.01 0.86 0.01 0.01 0.01 0.01 
Plagioclase normalized to 8 oxygens.  
 
do not exhibit exsolution have compositions of XOr = 0.84–0.87. Qualitative reintegrated 
compositions from maps of antiperthite grains yield compositions of Or11-33Ab66-86An1-3. 
Garnet in orthoamphibolite sample EG13-5 is Alm63-67Prp30-35Grs02Sps00-01. Garnet is 
unzoned with narrow rims displaying evidence for diffusive re-equilibration. The XFe of garnet 
cores is 0.64–0.66 and rims are 0.64–0.69. Gedrite ranges in composition from XFe = 0.33–0.42 
depending on the textural setting. The more Mg-rich gedrite occurs as euhedral inclusions in 






       Representative cordierite and gedrite SEM-EDS analyses.  
Sample EG13-5 EG13-5 SW12-1A SW13-4 EG13-5 EG13-5 EG13-5 
Mineral Crd Crd Crd Crd Ged Ged Ged 
Setting Adj Grt Matrix Matrix Matrix Grt Incl Core Matrix core Matrix rim 
SiO2 50.01 49.67 48.37 48.17 44.71 43.95 46.42 
TiO2 
    
0.51 0.65 0.63 
Al2O3 33.58 33.49 33.17 32.95 17.10 16.96 13.31 
FeO 5.08 4.53 6.67 6.62 17.98 19.03 19.23 
MgO 10.67 10.79 9.42 9.28 16.65 15.44 16.53 
MnO 0.02 0.01 
  
0.06 0.09 0.08 
CaO 0.05 0.03 
  
0.22 0.16 0.17 
Na2O 0.16 0.12 
  
1.79 1.85 1.53 
 99.570 98.64 97.63 97.02 99.02 98.13 97.90 
        Si 5.008 5.007 4.975 4.984 6.336 6.324 6.682 
Ti 
    
0.054 0.070 0.068 
Al 3.963 3.979 4.021 4.018 2.856 2.876 2.258 
Fe
2+
 0.425 0.382 0.574 0.573 2.131 2.290 2.315 
Mg 1.593 1.621 1.444 1.432 3.518 3.312 3.547 
Mn 0.002 0.001 
  
0.007 0.011 0.010 
Ca 0.005 0.003 
  
0.033 0.025 0.026 
Na 0.031 0.023 
  
0.492 0.516 0.427 
        
XFe 0.21 0.19 0.28 0.29 0.38 0.41 0.39 
Normalized to 18 oxygens for cordierite and 23 oxygens for gedrite. 
  
0.40–0.42. Cordierite varies from XFe = 0.19–0.21 in areas where it is replacing garnet to XFe = 
0.18–0.19 adjacent to gedrite. The composition of biotite is uniform with XFe = 0.39. 
 
5.3. Sweetwater Creek 
Garnet in sample SW12-1A is Alm70-76Prp18-23Grs04-07Sps01-02. Garnet cores are unzoned, 
with XFe = 0.75–0.79 and XGrs = 0.04–0.07. Narrow rims are enriched in Fe and depleted in Mg 
and Ca, with XFe = 0.79–0.81 and XGrs = 0.04–0.05. Zoning in the rims is consistent with 




0.48–0.54. The composition of biotite rimming garnet ranges from XFe(bi) = 0.46–0.48. The 
composition of matrix plagioclase ranges from XAn = 0.39–0.42 and three inclusions in garnet 
have compositions of XAn = 0.45 and 0.52. One anomalous, 50 µm inclusion of plagioclase in 
garnet has a composition of XAn = 0.72. The composition of cordierite ranges from XFe = 0.28–
0.30. 
Garnet in sample SW13-4 is Alm71-78Prp16-22Grs05-07Sps01-02. Garnet cores are unzoned, 
with XFe = 0.76–0.81 and XGrs = 0.05–0.07. Narrow rims are slightly enriched in Fe and depleted 
in Mg and Ca, with XFe = 0.78–0.83 and XGrs = 0.05. For XFe, the majority of the core analyses 
occur in the lower end of the range and the majority of the rim analyses occur in the higher end. 
Zoning in the rims is consistent with diffusive re-equilibration during resorption. The 
composition of matrix biotite ranges from XFe = 0.45–0.49. The composition of biotite rimming 
garnet ranges from XFe = 0.42–0.48. The composition of matrix plagioclase ranges from XAn = 
0.46–0.51 (with most analyses occurring in the 0.48–0.51 range) and one inclusion in garnet with 
XAn = 0.53. The composition of cordierite ranges from XFe = 0.25–0.30, with most analyses 
occurring in the range 0.28–0.30. 
 
6. Phase equilibria modeling 
Pseudosections (isochemical phase diagrams) were constructed for SC13-6, EG13-4, 
SW12-1A, and SW13-4 using THERMOCALC v. 3.37 (Powell et al., 1998) and the internally 
consistent thermodynamic dataset ds62 (Holland and Powell, 2011; upgrade Feb 6, 2012). For 
orthoamphibolite sample EG13-5, THERMOCALC v. 3.33 and dataset ds55 were used since 
amphibole solution models have not yet been formulated for ds62. Calculations were undertaken 




system for all samples. Mn was excluded from the modeling since all of the garnet analyzed 
contains small amounts of Mn (XSps = 0.00–0.02). The activity composition (a–X) relationships 
used for phases involved in the pelite modeling include: garnet, biotite, staurolite, cordierite, 
chlorite, muscovite, paragonite, margarite, orthopyroxene, and silicate melt (White et al., 2014); 
plagioclase and K-feldspar (Holland and Powell, 2003); and ilmenite (White et al., 2000, 2014). 
For sample EG13-5, the a–X relationships used were gedrite (Diener and Powell, 2012), garnet, 
orthopyroxene, biotite (White et al., 2007), plagioclase (Holland and Powell, 2003), ilmenite 
(White et al., 2000), and cordierite (Holland and Powell, 1998). The phases and phase 
abbreviations included in the modeling are: biotite (bi), chlorite (chl), cordierite (cd), garnet (g), 
gedrite (ged), ilmenite (ilm), K-feldspar (ksp), margarite (ma), muscovite (mu), orthopyroxene 
(opx), paragonite (pa), plagioclase (pl), quartz (q), rutile (ru), silicate melt (liq), 
sillimanite/kyanite/andalusite (sill/ky/and), and staurolite (st). 
Pseudosections were constructed from compositions based off of XRF whole rock 
analyses (Table 7). Whole rock compositions were normalized to 100% after estimates for mol%  
Table 7. 
          Normalized bulk rock compositions for THERMOCALC calculations in mol% oxide. 
Sample H2O SiO2 Al2O3 CaO MgO FeO K2O Na2O TiO2 O2 
SC13-6 5.82 60.22 9.87 1.91 3.68 13.62 1.31 1.92 1.54 0.10 
SC13-6
a
 5.82 60.29 9.88 1.79 3.69 13.64 1.31 1.93 1.54 0.10 
EG13-4 6.72 76.11 6.33 0.14 2.95 4.37 1.34 1.61 0.40 0.05 
EG13-5 4.84 61.32 6.90 0.07 13.64 11.02 0.02 0.93 1.07 0.19 
SW12-1A 3.00 64.29 16.47 3.26 3.47 4.73 0.49 2.13 1.91 0.25 
SW12-1A
a
 3.00 64.55 16.53 2.88 3.48 4.75 0.49 2.14 1.92 0.25 
SW13-4 3.39 64.73 14.65 4.64 4.19 4.47 0.42 2.06 1.24 0.20 
SW13-4
a
 3.39 64.87 14.68 4.44 4.20 4.48 0.42 2.07 1.25 0.20 
a 





H2O and O2 were made and CaO compositions were corrected for apatite. H2O was estimated by 
constructing T–XH2O diagrams to determine the amount of H2O required to fully saturate the 
solidus. For samples EG13-4, EG13-5, SW12-1A, and SW13-4, O2 was estimated by 
constructing T–XO2 diagrams to determine the amount of O2 required to stabilize rutile and 
ilmenite over the broadest range of plausible P–T conditions. For sample SC13-6, O2 was also 
estimated by constructing a T–XO2 diagram and a value was selected that shifted ilmenite and 
rutile boundaries up pressure. Because of the abundance of apatite in samples SC13-6, SW12-
1A, and SW13-4, bulk rock CaO composition was adjusted to account for apatite when 
calculating isopleth contours. An estimate of 75% of P2O5 from the XRF whole rock 
composition was assumed to be from apatite and 25% from monazite. A corresponding amount 
of CaO was subtracted from the whole rock composition to account for apatite. Stability fields 
and XFe isopleths were found to be insensitive to this slight adjustment in CaO, but Ca isopleth 
contours showed a significant shift. For sample SW12-1A, XGrs isopleths with a 75% correction 
shifted ~0.1–0.2 kbar up pressure and XCa(pl) shifted ~0.5 kbar up pressure. Because no apatite 
occurs in sample EG13-4, no adjustment to the bulk rock CaO content was made. 
Pseudosections were constructed in P–T space for a range of 2–11 kbar and 600–850° C. 
Fields of inferred peak and retrograde assemblages were contoured for XFe for the relevant Fe-
Mg phases, XGrs, XAn, XK(pl), mol% silicate melt, mol% garnet, mol% sillimanite, mol% 
plagioclase, and mol% cordierite where appropriate for specific rocks.  
          
6.1. SC13-6  
In this sample, the peak assemblage of garnet + sillimanite + K-feldspar + plagioclase + 




isopleths of XFe(bi) and XGrs for this field are consistent with the Ca composition of garnet (XGrs = 
0.03–0.04) and biotite inclusions in garnet (XFe(bi) = 0.52–0.57, Fig. 7b). Calculated isopleths of 
XAn for these fields are broadly consistent with analyzed compositions of plagioclase (XAn =  
 
Figure 7. Pseudosection for sample SC13-6. (a) Labeled assemblage fields with peak and 
retrograde assemblage fields outlined and g, cd, sill, and liq-in lines highlighted. (b) 
Compositional isopleths with peak and retrograde compositions highlighted. (c) Modal 





0.25–0.27). The predicted XFe(g) values in this field, however, are lower than the observed values 
(0.78–0.81 vs. 0.86–0.90). Based on the observed assemblages and compositions of minerals that 
preserve their peak compositions, the area bound by XGrs = 0.04 and the assemblage field, refines 
peak P–T conditions to 5.7–7.1 kbar and 760–770 °C.  
The retrograde assemblage field, garnet + sillimanite + plagioclase + biotite + quartz + 
ilmenite, occurs over a broad range from 3.9–6.9 kbar at 620–700 °C (Fig. 7a). Calculated 
isopleths of XAn, XGrs, XFe(g), and XFe(bi) are consistent with analyzed compositions of plagioclase 
(XAn = 0.25–0.27), garnet cores and rims (XGrs = 0.03–0.04, XFe(g) = 0.86–0.87), and matrix 
biotite XFe(bi) = 0.62–0.64, with observed values of XFe(g) and XFe(bi) overlapping by ~10 °C. 
Garnet on average is more Fe-rich than what is predicted by the intersection of XFe(g) and XFe(bi) 
isopleths (as high as 0.88 in garnet cores vs. predicted value of 0.86, Fig. 7b). The area bound by 
XGrs = 0.04, XFe(g) = 0.86, and XFe(bi) = 0.64, refines the retrograde metamorphic conditions to 
5.4–6.4 kbar and 670–680 °C. 
Mode isopleths indicate that garnet, biotite, and melt are temperature sensitive (Fig. 7c). 
From the peak assemblage to the retrograde assemblage fields, garnet decreases from 32 mol% 
to 24 mol%, biotite increases from 2 mol% to 18 mol%, and melt decreases from 24 mol% to 0 
mol%. These results are consistent with petrographic observations of resorbed garnet rims 
replaced by biotite. In summary, these results suggest a clockwise P–T path, with peak P–T 








6.2. EG13-4  
In this sample, the peak assemblage of garnet + sillimanite + K-feldspar + plagioclase + 
biotite + quartz ± ilmenite + rutile + melt, occurs from 8.1–9.6 kbar and 770–800 °C (Fig. 8a).  
 
Figure 8. Pseudosection for sample EG13-4. (a) Labeled assemblage fields with peak and 
retrograde assemblage fields outlined and g, cd, sill, and liq in lines highlighted. (b) 
Compositional isopleths with peak and retrograde compositions highlighted. (c) Modal isopleths 





Calculated isopleths of XFe(bi) for these fields are consistent with analyzed compositions of biotite 
rimming garnet (XFe(bi) = 0.42–0.47, Fig. 8b). However, the XFe values for garnet predicted in 
this field (XFe(g) = 0.70–0.73) are on average lower than what is observed for garnet cores in this 
sample (XFe(g) = 0.74–0.79). Due to the low Ca whole rock composition for this sample (Table 7) 
and the resulting sensitivity of the thermodynamic models to small variations in XCa for garnet 
and plagioclase, XGrs and XAn were not contoured. K-feldspar in this field is predicted to have K 
and Na in approximately equal proportions and plagioclase is predicted to have XK(pl) = 0.20. The 
range of reintegrated antiperthite compositions is XOr = 0.11–0.33. Feldspar in this sample has 
undergone post-peak modification and recrystallization, but it appears that there were two stable 
feldspars at peak conditions, which were a relatively sodic alkali feldspar and a relatively 
potassic and near end member albite plagioclase. Following peak conditions these two 
compositions were modified to the mesoperthite/antiperthite textures with some grains 
recrystallizing as distinct albite and alkali feldspar. From the area bound by XFe(bi) = 0.42 and the 
peak assemblage fields, P–T conditions are further refined to 8.5–9.3 kbar and 770–790 °C. 
The retrograde metamorphic assemblage, garnet + sillimanite + plagioclase + biotite + 
quartz + ilmenite + melt, occurs over a broad range from 5.0–8.7 kbar at 670–800 °C (Fig. 8a). 
Calculated isopleths of XFe(g) are consistent with analyzed compositions of garnet rims from 
porphyroblasts that have Fe enriched rims with XFe(g) = 0.77–0.82. Calculated isopleths of XFe(bi) 
are consistent with analyzed compositions of matrix biotite, with XFe(bi) = 0.47–0.50. Analyzed 
compositions of XFe(g) and XFe(bi) are not in ideal agreement, but come within ~10 °C of one 
another between 730 and 740 °C. Garnet on average is more Fe-rich than what is predicted by 
the intersection of XFe(g) and XFe(bi) isopleths (as high as 0.82 vs. predicted value of 0.76, Fig. 8b). 




metamorphic conditions to 5.4–8.5 kbar at 670–740 °C, though garnet compositions indicate 
continued re-equilibration down temperature. 
Isopleths indicate that mode of garnet, plagioclase, and melt are temperature sensitive 
(Fig. 8c). From the peak assemblage field to the retrograde assemblage field, garnet decreases 
from 9 mol% to 5 mol%, plagioclase increases from 2 mol% to 6 mol%, and melt decreases from 
24 mol% to 18 mol%. These results are consistent with petrographic observations of plagioclase 
dominating neosome and garnet being strongly resorbed. In summary, these results suggest a 
clockwise P–T path, with peak P–T conditions of ~9 kbar and ~780 °C followed by 
decompression and cooling to 5.4–8.5 kbar at ~740 °C, with additional cooling inferred (Fig. 8c). 
 
 6.3. EG13-5 
In this sample, the peak assemblage of garnet + gedrite + quartz ± biotite + rutile ± 
ilmenite is bracketed at low T by the ky-out field boundary and at high T by the solidus (Fig. 9a).  
The garnet-in boundary occurs at minimum pressures of 7.3 kbar at 750 °C. The H2O value for 
this pseudosection was selected in order to just saturate the solidus at the midpoint of the 
diagram around 6 kbar. However, the amount of H2O that saturates the solidus changes 
significantly across the g and cd-in field boundaries at around 8 kbar. This results in a widening 
of the stability field of coexisting H2O and liq between 8 and 11 kbar, which may indicate that 
the choice of water for the high P portion of the diagram is overestimated. Thus the fields at P > 
8 kbar that involve H2O and liq are treated with some skepticism and we instead focus on the 
mineral compositions as a more accurate recorder of the P–T conditions in this range of the 
diagram. With that caveat, the peak conditions are estimated as 8–11 kbar and 710–770 °C (Fig. 





Figure 9. Pseudosection for sample EG13-5. (a) Labeled assemblage fields with g, cd, opx-in 
lines highlighted. (b) Diagram with peak and retrograde assemblage fields outlined and 
compositional isopleths with peak and retrograde compositions highlighted and inferred P–T 
path. 
 
the melt-bearing field at higher temperature. This sample does not show any evidence for 
melting, but the location of the solidus at these conditions is not certain and the melt model for 
this rock composition may not be accurate as it has been developed for more felsic compositions. 
Mineral compositions of garnet cores and gedrite inclusions in garnet bracket peak conditions at 
730–800 °C. The most robust constraint on maximum T is the opx-in field boundary at ~810 °C. 
Opx has not been observed in these rocks so it is likely maximum temperatures did not exceed 




refinement is based on the mineral compositions of gedrite inclusions in garnet, which have a 
composition of XFe(ged) = 0.33–0.39, with most analyses in the 0.38–0.39 range. Thus, given that 
garnet is more Fe-rich than what is predicted in this field, and due to the absence of melt, we take 
the peak P–T conditions to be around the XFe(ged) = 0.38 isopleth at 8–10.5 kbar and 730–790 °C. 
Cordierite likely joined the assemblage near peak conditions as the rock began to decompress 
passing through the field of g–ged–cd–ru–liq with predicted compositions of XFe(g) = 0.56–0.62 
and XFe(cd) = 0.20–0.21, and XFe(ged) = 0.38–0.44, which is consistent with the observed 
compositions with the exception of slightly more Fe-rich garnet observed in the sample. Further 
decompression and cooling are indicated by matrix cordierite and gedrite observed compositions 
XFe(cd) = 0.18 and XFe(ged) = 0.42. The gedrite composition becomes more Mg-rich at lower 
pressure in the ged–bi–cd–ru–H2O field as cordierite is produced, consistent with what is 
observed in this sample. Thus retrograde conditions of 4–7 kbar and 640–680 °C. Given the 
close proximity of samples EG13-4 and EG13-5, they likely experienced similar P–T paths, so a 
clockwise path, with peak conditions of ~9 kbar and ~780 °C followed by decompression and 
cooling to ~5–7 kbar at ~660 °C is inferred for the Elk Gulch area. 
  
6.4. SW12-1A 
In this sample, the peak assemblage of garnet + sillimanite + plagioclase + biotite + 
quartz + ilmenite + rutile + melt occurs over a broad range from 7.3–10.4 kbar at 710–840 °C 
(Fig. 10a). Calculated isopleths of XAn and XGrs for this field are consistent with analyzed 
compositions of Ca in garnet cores (XGrs= 0.04–0.07, average = 0.06) and matrix plagioclase 
(XAn = 0.39–0.42, Fig. 10b). The observed Fe–Mg composition of garnet (XFe = 0.75–0.79) is 








Figure 10. Pseudosection for sample SW12-1A. (a) Labeled assemblage fields with peak and 
retrograde assemblage fields outlined and g, cd, sill, and liq-in lines highlighted. (b) 
Compositional isopleths for Ca, with apparent peak compositions highlighted. (c) Compositional 
isopleths for Fe–Mg, with retrograde compositions highlighted. (d) Modal isopleths and inferred 
P–T path. 
 
XGrs = 0.06–0.07, XAn = 0.39, and the peak assemblage field, peak metamorphic conditions are 
constrained to 7.7–9.7 kbar and 710–830 °C. 
The retrograde assemblage, garnet + sillimanite + plagioclase + biotite + cordierite + 
quartz + ilmenite, also occurs over a broad range from 4.3–7.0 at 630–710 °C (Fig. 10a). 
Calculated isopleths of XAn, XGrs, XFe(g), XFe(bi), and XFe(cd) are consistent with analyzed 
compositions of matrix plagioclase (XAn = 0.39–0.42), garnet rims (XGrs = 0.04–0.05, XFe(g) = 
0.79–0.81), biotite XFe(bi) = 0.46–0.54, and cordierite (XFe(cd) = 0.28–0.30, Fig. 10c). The area 
bound by these compositional isopleths constrains retrograde conditions to 5.0–5.5 kbar and 
660–710 °C.  
Isopleths in the peak field indicate that mode of garnet and melt are temperature-
sensitive, but that mode of sillimanite is insensitive to both changes in temperature and pressure. 
Isopleths in the retrograde assemblage fields demonstrate that mode of garnet, sillimanite, and 
cordierite become pressure-sensitive, with garnet and sillimanite abundance inversely related to 
cordierite abundance. Along a retrograde P–T path, garnet decreases from 11–16 mol% to 1–2 
mol%, sillimanite decreases from 23 mol% to 19 mol%, melt decreases from 7–14 mol% to 0 
mol%, and cordierite increases from 0 mol% to 15 mol%. These results are consistent with 
petrographic observations; cordierite rims both garnet and sillimanite, but garnet is more strongly 
resorbed than sillimanite. In summary, these results suggest a clockwise P–T path, with peak P–
T conditions of ~8–10 kbar and 710–830 °C followed by decompression and cooling to ~5 kbar 




6.5. SW13-4  
In this sample, the peak assemblage of garnet + sillimanite + plagioclase + biotite + 
quartz + ilmenite + rutile + melt, occurs over a broad range from 7.7–9.6 kbar at 725–830 °C 
(Fig. 11a). Calculated isopleths of XAn and XGrs for this field are consistent with analyzed 
compositions of garnet cores (XGrs = 0.05–0.07, average = 0.06) and broadly consistent with 
analyzed compositions plagioclase (XAn = 0.46–0.53, Fig. 11b). The observed Fe–Mg 
composition of garnet (XFe = 0.76–0.81) is more Fe-rich than what is predicted in this field (XFe = 
0.50–0.56). From the area bound by XGrs = 0.06–0.07, and the assemblage field, peak 
metamorphic conditions are constrained to 7.8–9.1 kbar and 740–830 °C. 
The retrograde assemblage, garnet + sillimanite + plagioclase + biotite + cordierite + 
quartz + ilmenite, also occurs over a broad range from 4.6–7.3 kbar at 630–730 °C (Fig. 11a). 
Calculated isopleths of XAn, XGrs, XFe(g), XFe(bi), and XFe(cd) are consistent with analyzed 
compositions of matrix plagioclase (XAn = 0.46–0.51), garnet rims (XGrs = 0.05, XFe(g) =0.78–
0.83), biotite XFe(bi) = 0.45–0.49, and cordierite (XFe(cd) =0.25–0.30, Fig. 11c). The area bound by 
these compositional isopleths constrains retrograde metamorphic conditions to 4.9–5.7 kbar and 
640–720 °C. 
Isopleths in the peak assemblage field indicate that mode of garnet and melt are 
temperature-sensitive, but that mode of sillimanite is insensitive to both changes in temperature 
and pressure (Fig 11d). Isopleths in the retrograde assemblage fields indicate that mode of 
garnet, sillimanite, and cordierite become pressure-sensitive, with garnet and sillimanite 
abundance inversely related to cordierite abundance. From peak conditions to retrograde 
conditions, garnet decreases from 15–17 mol% to 2–4 mol%, sillimanite decreases from 14 









Figure 11. Pseudosection for sample SW13-4. (a) Labeled assemblage fields with peak and 
retrograde assemblage fields outlined and g, cd, sill, and liq in lines highlighted. (b) 
Compositional isopleths for Ca, with apparent peak compositions highlighted. (c) 
Compositional isopleths for Fe–Mg, with retrograde compositions highlighted. (d) Modal 
isopleths and inferred P–T path. 
 
0 mol% to 20 mol%. These results are consistent with petrographic observations. Similar to 
sample SW12-1A, cordierite rims both garnet and sillimanite, but garnet is more strongly 
resorbed than sillimanite. In summary, these results suggest a clockwise P–T path, with peak P–
T conditions of ~8–9 kbar and 740–830 °C followed by decompression and cooling to ~5 kbar 
and 640–720 °C (Fig. 11d). Given the close proximity of samples SW12-1A and SW13-4, they 
likely experienced similar P–T paths, so a clockwise path, with peak conditions of ~8–9 kbar and 
~750–800 °C followed by decompression and cooling to ~5 kbar at ~650–700 °C is inferred for 
the Sweetwater Creek area. 
 
7. Laser ablation split-stream ICP-MS 
U-Th-Pb and Y+REE data were obtained in situ for a total of 434 spot analyses from 77 
monazite grains across the sample suite. Tera-Wasserburg concordia diagrams were calculated 
using Isoplot (v. 3.75; Ludwig, 2012; Tables S1 and S2). All uncertainties are quoted at 95% 
confidence or 2σ and include contributions from the external reproducibility of the primary 
reference material for the 238U/206Pb ratios and 207Pb/206Pb ratios (Figs. 12 and 13, Table S1). For 
characterizing age populations and describing REE patterns, only analyses that come from a 
single chemical domains and that are <5% discordant are considered and 207Pb/206Pb ages are 
reported (Figs. 14 and 15). Chemical domains were determined by comparing maps of Y and Th 





Figure 12. Tera-Wasserburg concordia 
diagrams with 2σ error ellipses. Black 
circles correspond to analyses interpreted 
as representative of a population, whereas 
grey circles are interpreted as mixed 
analyses and inherited/detrital grains. (a) 
SC13-4; (b) SC13-6; (c) EG13-4; (d) 







Figure 13. Chondrite-normalized REE diagrams. (a) SC13-4; (b) SC13-6; (c) EG13-4; (d) EG13-5; (e) SW12-1A 
ca. 1800–1700 Ma populations; (f) SW12-1A ca. 2450 Ma population; (g) SW12-2C ca. 1800–1700 Ma population; 










Figure 14. LuN/DyN vs. age and EuN/EuN* vs. 207Pb/206Pb age for ca. 1800–1700 Ma 
populations, with symbol shape corresponding petrographic setting. Squares correspond to garnet 
inclusions, diamonds inclusions in cordierite, filled circles inclusions in sillimanite, hollow 
circles gedrite inclusions, and triangles matrix grains. (a) and (b) SC13-4; (c) and (d) SC13-6; (e) 






Figure 15. LuN/DyN vs. age and EuN/EuN* vs. 207Pb/206Pb age for ca. 2450 Ma populations, 
grains symbolized for petrographic setting as in Fig. 14. (a) and (b) SW12-1A; (c) and (d) SW12-
2C; (e) and (f) SW13-4. 
 
Chondrite-normalized REE (La through Lu) concentrations from monazite analyzes are 
plotted by sample and colored by age (Fig. 13, Table S2). Monazite analyses have typical REE 




HREE with increasing atomic number, producing an overall negative slope. For an individual 
sample, LREE analyses are tightly clustered, but Eu anomalies and HREE concentrations may 
display significant variance (Fig. 13). REE patterns are also examined using plots of LuN/DyN 
(proxy for HREE slope) and Eu anomaly, symbolized by petrographic setting and by grain (Figs. 
14 and 15). An increase in LuN/DyN corresponds to a less negative HREE slope. Eu anomaly is 
estimated by EuN/EuN* = EuN/√(SmN ∙ GdN), where an increase in EuN/EuN* equals a smaller 
negative Eu anomaly.  
 
7.1. Stone Creek 
In garnet-orthoamphibole schist SC13-4, monazite occurs only in the amphibole-
dominated matrix. Monazite grains are small and scarce, with only 5 grains occurring in the thin 
section (Fig. S1a). Individual monazite grains are 30–80 µm in diameter. Only the largest grain 
was mapped for Y and Th and is unzoned. The grains are all anhedral and irregular or elongate in 
shape. For this sample, 26 spot analyses from 5 grains yield a single population, with dates 
ranging from 1776 ± 28 to 1723 ± 29 Ma and a weighted mean of 1747 ± 6 [35] Ma (MSWD = 
1.08; n = 26; Fig. 12a, Table S1).  
REE compositions within each grain are consistent. Individual grains also show a limited 
range of ages. There is a general trend of increasing LuN/DyN with time (Figs. 13a and 14a, 
Table S2). The exception to this trend is the youngest grain m4, which shows the lowest 
LuN/DyN, which likely indicates growth following garnet growth since it is depleted in the 
HREE. EuN/EuN* is consistent within each grain and displays a slight increase over time, but due 




14b, Table S2). Th/U is uniform between 1780–1750 Ma but then exhibits a wider variation with 
values as high as 22 for younger grains (Table S1, Fig. S5). 
In metapelite SC13-6, monazite occurs in the matrix and as inclusions in garnet. 
Monazite grains are unzoned with respect to Y, with the exception of one grain (m4) that has a 
thin, high Y rim (Fig. S1b). Individual monazite grains are 30–60 µm in diameter. For this 
sample, 44 spot analyses from 8 grains yield a single population, with dates ranging from 1790 ± 
37 to 1741 ± 39 Ma and a weighted mean of 1764 ± 6 [35] Ma (MSWD = 0.41; n = 44) (Fig. 
12b, Table S1). The subset of garnet inclusion analyses range from 1774 ± 38 to 1741 ± 39 Ma 
with a weighted mean of 1757± 8 [35] Ma (MSWD = 0.25, n = 20) and matrix analyses range 
from 1790 ± 37 to 1755 ± 37 Ma with a weighted mean of 1770 ± 7 [35] Ma (MSWD = 0.35, n = 
24). 
Analyses from this sample show the least variability in LuN/DyN and the greatest 
variability in EuN/EuN*, from 0.0045–0.0126 and 0.15–0.70 respectively, with one anomalously 
high LuN/DyN value at 0.0337 (Figs. 13b and 14c and d). Matrix grains have lower LuN/DyN 
values, with garnet inclusions having slightly elevated LuN/DyN values (Fig. 14c). There may be 
a slight enrichment in LuN/DyN after ca. 1.77 Ga, but individual grains do not show enrichment 
over time. Matrix grains and garnet inclusions have similar EuN/EuN* values and no trends in 
EuN/EuN* over time are apparent (Fig. 14d). Garnet inclusions generally have a higher Th/U than 
matrix grains or grains rimming garnet (Table S1). No trends in Th/U with time are apparent. 
 
7.2. Elk Gulch 
In migmatitic gneiss EG13-4, monazite occurs in the quartz-plagioclase neosome matrix 




and Th, excluding three grains with low Th cores (Fig. S2a). Individual monazite grains are 20–
80 µm in diameter. In this sample, 77 spot analyses from 12 grains yield a single population, 
with dates ranging from 1783 ± 27 to 1740 ± 38 Ma and a weighted mean of 1764 Ma ± 3 [35] 
(MSWD = 0.54; n = 73), but four analyses fall outside of this population, ranging from 2397 to 
1814 Ma (Fig. 12c, Table S1). Within the main population, the subset of garnet inclusion 
analyses range from 1773 ± 27 to 1763 ± 29 Ma with a weighted mean of 1769 ± 11 [35] Ma 
(MSWD = 0.069, n = 6), sillimanite inclusion analyses range from 1764 ± 27 to 1752 ± 27 Ma 
with a weighted mean of 1759 ± 12 [35] Ma (MSWD = 0.13, n = 5), and matrix analyses range 
from 1783 ± 27 to 1740 ± 28 Ma with a weighted mean of 1763 ± 3 [35] Ma (MSWD = 0.60, n = 
62). 
REE trends between grains in this sample are unclear, but distinct patterns are present 
within individual grains (Figs. 13c and 14e and f). Several matrix grains and one garnet inclusion 
show decreasing LuN/DyN with decreasing age from 1780 Ma until 1750 Ma (Fig. 14e). After 
1750 Ma, matrix grains also show a slight increase in LuN/DyN with decreasing age. This is 
consistent with decreasing availability of HREE, followed by increasing availability of HREE 
during monazite growth. In several matrix grains and garnet inclusions, EuN/EuN* decreases 
dramatically with decreasing age from 1780–1740 Ma (Fig. 14f). This is consistent with Eu 
becoming less abundant with time. All grains, regardless of petrographic setting generally 
increase in Th/U over time (Table S1). 
In garnet-orthoamphibole gneiss EG13-5, monazite occurs in the matrix and as inclusions 
in garnet, gedrite, and cordierite. Most monazite grains are unzoned with respect to Y and Th, 
but three grains (m4, m5, and m9) display relict cores that are patchy in Th zoning relative to the 




the relict cores. Individual monazite grains are 40–80 µm in diameter. For this sample, 39 spot 
analyses from 9 grains yield a single population, with dates ranging from 1784 ± 18 to 1733 ± 19 
Ma and a weighted mean of 1758 Ma ± 4 [35] (MSWD = 1.5; n = 31). Eight analyses fall outside 
of this population, ranging from 2374 to 1808 Ma (Fig. 12d, Table S1). Within the main 
population, the subset of garnet inclusion analyses range from 1759 ± 19 to 1754 ± 19 Ma with a 
weighted mean of 1757 ± 8 [35] Ma (MSWD = 0.05, n = 5), gedrite inclusions range from 1784 
± 18 to 1752 ± 19 Ma with a weighted mean of 1761 ± 9 [35] Ma (MSWD = 1.4, n = 8), 
cordierite inclusion analyses range from 1761 ± 19 to 1739 ± 19 Ma with a weighted mean of 
1752 ± 8 [35] Ma (MSWD = 0.77, n = 5), and matrix analyses range from 1784 ± 18 to 1733 ± 
19 Ma with a weighted mean of 1759 ± 9 [35] Ma (MSWD = 2.5, n = 13). 
REE compositions in this sample are heterogeneous with a wide range of LuN/DyN values 
that vary both within and between grains (Figs. 13d and 14g, Table S2). No clear patterns are 
observed in the HREE patterns, but there may be a decrease in HREE with time. The most 
scatter in the HREE occurs from 1765–1745 Ma. Spots older than this generally exhibit higher 
LuN/DyN compared to spots that are younger than 1745 Ma. EuN/EuN* generally increases with 
decreasing age, but given the scarcity of feldspar in this sample, there is not expected to be a 
clear trend with respect to Eu fractionation (Fig. 14h, Table S2). Th/U generally decreases with 
decreasing age with the relict core spots preserving higher Th/U than the younger spots. The 
1790–1730 Ma analyses all exhibit uniformly low Th/U (Table S1). 
 
7.3. Sweetwater Creek 
In metapelite SW12-1A, monazite occurs in the matrix and as inclusions in garnet, 




unzoned with respect to Th or Y, and one grain, A2-m2, has a clear, high Y rim (Fig. S3). 
Individual monazite grains are 20–140 µm in diameter. For this sample, 115 spot analyses from 
20 grains yield two age populations and 12 analyses with dates between the two populations, 
often from mixed Y domains (Fig. 12e, Table S1). Dates from the younger population range 
from 1768 ± 20 to 1713 ± 37 Ma and a weighted mean of 1748 ± 3 [35] Ma (MSWD = 0.92; n = 
86) and dates from the older population range from 2506 ± 34 to 2456 ± 17 Ma and a weighted 
mean of 2471 ± 13 [49] Ma (MSWD = 2.4; n = 8). For the younger population, the subset of 
garnet inclusion analyses range from 1759 ± 19 to 1747 ± 38 Ma with a weighted mean of 1754 
± 6 [35] Ma (MSWD = 0.15, n = 14), cordierite inclusion analyses range from 1759 ± 19 to 1737 
± 19 Ma with a weighted mean of 1750 ± 8.2 [35] Ma (MSWD = 0.95, n = 5), sillimanite 
inclusion analyses range from 1744 ± 19 to 1727 ± 19 Ma with a weighted mean of 1735 ± 11 
[35] Ma (MSWD = 0.84, n = 3), and matrix analyses range from 1768 ± 19 to 1713 ± 37 Ma with 
a weighted mean of 1746 ± 3 [35] Ma (MSWD = 0.95, n = 64). For the older population, garnet 
inclusion analyses range from 2482 ± 17 to 2456 ± 17 Ma with a mean of 2465 ± 19 [49] Ma 
(MSWD = 2.1, n = 4), and matrix analyses range from 2506 ± 34 to 2493 ± 34 Ma with a 
weighted mean of 2478 ± 17 [50] Ma (MSWD = 0.92, n = 4). 
In this sample several REE trends are readily apparent (Figs. 13e,f, 14i,j, and 15a,b). 
Analyses within the 2500–2450 Ma population show generally elevated LuN/DyN compared to 
the 1800–1710 Ma population, with both matrix grains and garnet inclusions indicating 
increasing LuN/DyN with time (Figs. 14i and 15a). This is consistent with increasing availability 
of HREE. Analyses within the 1770–1710 Ma population, regardless of petrographic setting, 
except for the one inclusion in cordierite analyzed, show increasing LuN/DyN with decreasing 




time. EuN/EuN* is comparable between age populations, with both matrix grains and garnet 
inclusions decreasing in EuN/EuN* with decreasing age for the 2500–2450 Ma population (Figs. 
14j and 15b). This is consistent with progressive depletion of Eu. Matrix grains beginning at ca. 
1740 Ma are slightly depleted in EuN/EuN* Ma (Fig. 14j). Between populations, Th/U is 
comparable (Table S1). Analyses within the 2500–2450 Ma population generally increase in 
Th/U over time, though individual grains decrease in Th/U over time. Analyses within the 1770–
1710 Ma population, regardless of petrographic setting, decrease in Th/U from ca. 1750–1710 
Ma.  
In metapelite SW12-2C, monazite occurs in the matrix, as inclusions in garnet, and as 
inclusions in sillimanite. Monazite grains generally have patchy high Y cores mantled with a low 
Y zone surrounded by high Y rims. Three grains have low Y cores with high Y rims (Fig. S4a). 
Individual monazite grains are 20–50 µm in diameter. For this sample, 80 spot analyses from 13 
grains yield two populations and 21 analyses with dates between the two populations, often from 
mixed Y domains (Fig. 12f, Table S1). Dates from the younger population range from 1783 ± 28 
to 1728 ± 28 Ma and a weighted mean of 1753 ± 6 [35] Ma (MSWD = 1.4; n = 25) and dates 
from the older population range from 2520 ± 17 to 2452 ± 17 Ma and a weighted mean of 2489 ± 
8 [50] Ma (MSWD = 3.1; n = 24). For the younger population, two garnet inclusion analyses 
both yielded dates of 1763 ± 19 Ma, and matrix analyses range from 1783 ± 28 to 1728 ± 28 Ma 
with a weighted mean of 1751 ± 7 [35] Ma (MSWD = 1.5, n = 23). For the older population, one 
garnet inclusion analysis yielded a date of 2500 ± 25 Ma, sillimanite inclusion analyses ranged 
from 2515 ± 26 to 2468 ± 26 Ma with a mean of 2488 ± 10 [50] Ma (MSWD = 1.8, n = 10), and 
matrix analyses range from 2520 ± 17 to 2452 ± 17 Ma with a weighted mean of 2489 ± 13 [50] 




In this sample REE trends between grains are readily apparent (Figs. 13g,h, 14k,l, and 
15c,d). Analyses within the 2520–2450 Ma population show generally elevated LuN/DyN, with 
LuN/DyN increasing with decreasing age for matrix grains and sillimanite inclusions (Figs. 14k 
and 15c). This is consistent with increasing availability of HREE. Within the 1780–1730 Ma 
population, matrix grains comprise the majority of analyses and indicate decreasing LuN/DyN 
from 1780–1760 Ma. From 1760–1730 Ma, matrix grain analyses increase in LuN/DyN with 
decreasing age (Fig. 14k). This is consistent with a decreasing availability of HREE followed by 
an increasing availability of HREE. EuN/EuN* is comparable between age populations, with 
EuN/EuN* decreasing with decreasing age for the 2520–2450 Ma population, regardless of 
petrographic setting (Figs. 14l and 15d). This is consistent with Eu becoming less abundant. For 
the 1780–1730 Ma population, EuN/EuN* decreases slightly with decreasing age (Fig. 14ld). This 
is consistent with Eu becoming less abundant. Between age populations Th/U is comparable 
(Table S1). For the 2520–2450 Ma population, Th/U decreases slightly over time and there are 
no changes in Th/U over time for the 1780–1730 Ma population. 
In metapelite SW13-4, monazite occurs in the matrix and as inclusions in garnet and 
cordierite. Individual monazite grains generally have patchy high Y cores mantled with a low Y 
zone with or without high Y rims up to 20–µm–thick, though two grains have low Y cores with 
high Y rims (Fig. S4b). Individual monazite grains are 20–70 µm in diameter. For this sample, 
53 spot analyses from 8 grains yield two populations and 18 analyses with dates between the two 
populations, often from mixed Y domains (Fig. 12g, Table S1). Dates from the younger 
population range from 1778 ± 21 to 1732 ± 19 Ma and a weighted mean of 1752 Ma ± 6 [35] Ma 
(MSWD = 1.9; n = 21) and dates from the older population range from 2487 ± 19 to 2470 ± 18 




population, the subset of cordierite inclusion analyses range from 1778 ± 21 to 1735 ± 17 Ma 
with a weighted mean of 1754 ± 6 [35] Ma (MSWD = 1.6, n = 19), and two matrix analyses 
yielded dates at 1735 ± 19 and 1732 ± 19 Ma. For the older population, cordierite inclusion 
analyses range from 2487 ± 19 to 2445 ± 19 Ma with a mean of 2473 ± 21 [49] Ma (MSWD = 
3.0, n = 5), one garnet inclusion analyses yielded a dates of 2470 ± 18 Ma, and two matrix 
analyses yielded dates at 2486 ± 17 and 2480 ± 19 Ma. 
For sample SW13-4, several REE trends are readily apparent between grains (Figs. 13i,j, 
14m,n, and 15e,f). Analyses within the 2490–2470 Ma population show generally elevated 
LuN/DyN, with LuN/DyN increasing overtime between matrix grains, cordierite inclusions, and 
garnet inclusions (Figs. 14m and 15e). Cordierite inclusion and matrix grain analyses within the 
1780–1730 Ma population shows a general increase in LuN/DyN with decreasing age, beginning 
at 1760 Ma (Fig. 14m). This is consistent with increasing availability of HREE. EuN/EuN* is 
comparable between age populations and no patterns are discernable in EuN/EuN* over time for 
the 2490–2470 Ma population (Figs. 14n and 15f). For the 1780–1730 Ma population, EuN/EuN* 
decreases slightly with decreasing age beginning at 1780 Ma (Fig. 14n). This is consistent with 
Eu becoming less abundant. In the 2490–2470 Ma population, Th/U decreases with time, from 
~7–3 (Table S1). Within the 1780–1730 Ma population, Th/U values are generally between ~3 










8.1. P-T paths 
Phase equilibria modeling suggests that the Stone Creek, Elk Gulch, and Sweetwater 
Creek areas were all metamorphosed to upper amphibolite facies conditions, but that the Stone 
Creek area records a distinct P–T path compared to the Elk Gulch and Sweetwater Creek areas. 
It is clear from petrographic observations that the Stone Creek area reached suprasolidus 
conditions predicted to be >700 °C (Fig. 7). That said, peak T is not well-preserved, as Fe–Mg 
compositions have been modified during re-equilibration. Additionally, even though trace, 10–
µm K-feldspar inclusions in plagioclase agree with phase equilibria predictions of <1% modal K-
feldspar at inferred peak conditions, this comparison is sensitive to both the effective bulk rock 
composition chosen in modeling and to the actual volumes of equilibration during 
metamorphism. These caveats notwithstanding, peak metamorphism is interpreted to have 
occurred at ~6.5 kbar and ~760 °C (Fig. 16a). Retrograde re-equilibration is estimated at ~6.0 
kbar and ~680 °C.  
For the Elk Gulch area, peak metamorphism is inferred at ~9 kbar and ~780 °C (Figs. 8 
and 9). For sample EG13-4, intergrain Fe–Mg variation observed garnet grains is likely the result 
of garnet nucleation and growth along the prograde path. Garnets forming earlier would have 
higher XFe than those forming later. Grains with Mg-enriched and Fe-depleted rims are likely the 
result of the preservation of prograde zonation without adjacent biotite allowing for retrograde 
re-equilibration, whereas grains with Mg-depleted and Fe-enriched rims are likely the result of 
re-equilibration with adjacent biotite grains. Biotite grains rimming garnet are enriched in Mg 
and depleted in Fe when compared to grains occurring in the matrix. This is likely the result of 




had to have occurred rapidly, otherwise biotite compositions would be expected to more 
homogenous, due to the rapid diffusivities of Fe–Mg in biotite. Collectively, EG13-4 and  
 
Figure 16. (a) P–T–t paths for the Stone Creek area and for the Elk Gulch and Sweetwater Creek 
localities of the Ruby Range. The ky–sill–and fields are shown on the diagram. Reaction lines 
for orthoamphibolite (oamph) from Fig. 9 EG13-5 and cd and liq from Fig. 10 for SW12-1A are 
included. Stars mark inferred peak P–T, blue for Stone Creek and red for Elk Gulch and 
Sweetwater Creek.  Refer to the text for discussion. (b) Conceptual cross sections illustrating the 
inferred sequence of Archean and Proterozoic tectonic events in the evolution of the Ruby 
Range. At ca. 2.52–2.45 Ga, the MMT is first metamorphosed and possibly juxtaposed with the 
BBMT (Mogk et al., 1992). From ca. 2.45–1.90 Ma, deposition of sediments and intrusion of 
mafic sills of the CRMS and the Elk Gulch area occurred. From ca. 1.90–1.80 Ga subduction has 
begun, with the Little Belt Arc formed by 1.86 Ga (Mueller et al., 2002; Vogl et al., 2004). From 
ca. 1.79–1.76 Ga, metamorphism affected the Ruby Range during the Big Sky orogeny and 
reached peak conditions ca. 1.76 Ga. During this time the CRMS became intercalated with the 
DQFG and OGS during NW–SE-directed thrusting. From 1.76–1.71 Ga post-orogenic extension 





EG13-5 suggest decompression and cooling continued, with limited retrograde re-equilibration 
occurring at ~5.0–7.0 kbar and ~660 °C.  
Samples from the Sweetwater Creek area record peak P–T at ~8–9 kbar and ~750–800 °C 
(Figs. 10 and 11). Even though Ca concentrations in garnet cores and plagioclase for Sweetwater 
Creek samples plot within the inferred peak metamorphic assemblage fields, caution must be 
used when using these isopleths to constrain peak metamorphic conditions. Ca disequilibrium 
during garnet growth has been documented (e.g. Chernoff and Carlson, 1997; Spear and Daniel, 
2001) and significant re-equilibration during retrograde metamorphism can yield anomalous 
results (e.g. Caddick et al., 2010; Carlson, 2006). Although Ca diffuses more slowly than Fe, 
Mg, and Mn, when temperatures exceed ~650° C (Carlson, 2006), the temperature and time 
scales required for near total re-equilibration of Fe, Mg, and Mn also cause significant re-
equilibration of Ca (Caddick et al., 2010). Due to the complete resetting of Fe–Mg in samples 
from the Sweetwater Creek area, near isothermal decompression is inferred, allowing for 
maintaining elevated temperatures that keep cation diffusion rates in garnet high, while bringing 
the equilibrium composition of garnet near to that of observed compositions. Finally, cooling and 
decompression to ~5 kbar and ~650–700 °C is consistent with observations and calculations of 
XFe for both areas.  
These P–T paths for the Ruby Range are consistent with peak and retrograde P–T 
conditions for the Stone Creek area inferred from previous studies (Dahl, 1979, 1980; Immega 
and Klein, 1976;). However, higher peak P–T conditions for the Elk Gulch and Sweetwater 




Stone Creek area records a distinct P–T path compared to the Elk Gulch and Sweetwater Creek 
areas (Fig. 16a).  
8.2. Monazite geochronology 
The data presented here constrain two distinct periods of monazite growth: an episode of 
growth during the Big Sky orogeny at 1.79–1.71 Ga and an episode of growth during an older 
metamorphic event from 2.52–2.45 Ga, which is only preserved in the Sweetwater Creek area. 
Although the three localities examined each preserve distinct monazite age populations, the 
distribution of dates related to the Big Sky orogeny between localities is similar. The age 
population differences between the localities are attributed to distinct pre-Big Sky histories and 
origins. The data presented here are generally consistent with previous data for the Ruby Range, 
with the exception of Alcock et al. (2013). Additionally, these data suggest contemporaneous 
metamorphism between the Tobacco Root Mountains and the Ruby Range during the Big Sky 
orogeny (Cheney et al., 2004b). 
Samples from the Stone Creek area yield strictly Big Sky orogeny ages, with dates 
ranging from ca. 1.79–1.72 Ga (Fig. 17a,b), suggesting that these metasediments were first-cycle 
sediments metamorphosed during this event. Garnet inclusions yield a weighted mean of 1757 ± 
8 Ma, suggesting that peak metamorphism occurred at this time (Fig. 16a).  
Samples from the Elk Gulch area primarily yield Big Sky orogeny ages, with dates from 
ca. 1.78–1.73 Ga, and scarce relict core analyses ranging from ca. 2.40–1.81 Ga (Figs. 12 and 
17a,b). Garnet inclusions from two samples yield weighted means of 1769 ± 11 Ma and 1757 ± 8 
Ma, suggesting that peak metamorphism occurred at this time (Fig. 16a). For the migmatitic 
gneiss EG13-4, if abundant monazite existed prior to the Big Sky orogeny, much of it could have 




as detrital monazite grains have been shown to survive diagenesis and conditions up to 
amphibolite facies (Rasmussen and Muhling, 2007; Rubatto et al., 2001; Williams, 2001).  
 
Figure 17. (a) Summary monazite ages by sample and petrographic setting of monazite 
inclusions. (b) Histogram of 207Pb/206Pb ages presented in this study compared to previously 
reported <5% discordant 207Pb/206Pb ages (Jones, 2008). 
 
However, these scenarios do not hold for the orthoamphibolite EG13-5. Since this sample does 




been interpreted for the amphibolites and orthoamphibolites of the Spuhler Peak metamorphic 
suite found in the nearby Tobacco Root Mountains (Burger, 2004), then a detrital source for the 
older grains is unlikely. It is clear that the Elk Gulch area did not undergo metamorphism from 
2.52-2.45 Ga, but the significance of the older ages within the Elk Gulch samples remains 
unclear. 
Samples from the Sweetwater Creek area yield ages from the Big Sky orogeny at 1.78–
1.71 Ga, and ages from an older metamorphic event at 2.52–2.45 Ga. Garnet inclusions in 
SW12-1A yield a weighted mean of 1754 ± 6 Ma, suggesting that peak metamorphism occurred 
at this time. Because samples from the Sweetwater Creek locality have such a strong bimodal 
signature, this age distribution is interpreted as the result of two distinct metamorphic events. 
These data are consistent with previously published isotopic age data from monazite for 
the Big Sky orogeny in the Ruby Range and generally consistent with existing data with respect 
to the older event (Fig. 17b, Jones, 2008). These ages place metamorphism in the Ruby Range 
during the Big Sky orogeny and during the older event synchronous with metamorphism in the 
Tobacco Root Mountains (Cheney et al., 2004b). These ages are also synchronous with 
metamorphism in the nearby Armstead Anticline (Mueller et al., 2012).  
 
8.3. REE constraints on conditions of monazite crystallization and P-T-t paths 
Monazite grows through a variety of reactions during both prograde and retrograde 
metamorphism (Foster et al., 2002; Rubatto et al., 2013; Spear and Pyle, 2010). Because there 
are limited phases that fractionate REE (Bea et al., 1994; Bea and Montero, 1999; Zhu and 
O'Nions, 1999), monazite REE patterns can potentially be used to place constraints on the timing 




the dominant Y + HREE sinks (Bea et al., 1994; Bea and Montero, 1999; Pyle et al., 2001; Spear 
and Pyle, 2010; Zhu and O'Nions, 1999). In general, monazite growing concurrently with garnet 
or xenotime will exhibit progressively decreasing Y + HREE concentrations, and monazite 
growing during the resorption of garnet or xenotime will exhibit progressively increasing Y + 
HREE concentrations. Additionally, a miscibility gap exists between monazite and xenotime that 
narrows with increasing temperature (Gratz and Wilhelm, 1997; Heinrich et al., 1997), as such 
monazite growing with increasing T may exhibit increasing Y + HREE concentrations. Spear and 
Pyle (2010), through modeling monazite growth for a specific low Ca bulk rock composition, 
demonstrated that it may even be possible for monazite to increase in Y during garnet growth, as 
long as xenotime is present and undergoing consumption. 
In a similar manner, feldspars fractionate Eu from REE, resulting in a negative Eu 
anomaly in coexisting phases (Bea et al., 1994; Bea and Montero, 1999). If monazite growth 
precedes feldspar growth, monazite will exhibit a weak Eu anomaly. In contrast, if monazite 
grows concurrently with feldspar, monazite will exhibit a progressively stronger Eu anomaly. 
Finally, if monazite grows during feldspar breakdown, monazite will exhibit a progressively 
weaker Eu anomaly. 
Another possible factor to consider in Eu fractionation is the role of melt generation. It 
has been shown that Eu is reduced from a trivalent state to a divalent state with increasing 
temperature (Bau, 1991; Sverjensky, 1984), which leads to an increased solubility of Eu in melt. 
As a result, negative Eu anomalies in zircon and monazite have been attributed to preferential 
partitioning of divalent Eu in melt (Rubatto and Hermann, 2007; Stepanov et al., 2012). 
Additionally, leucosomes with positive Eu anomalies have been attributed to the accumulation of 




progressive melting could be recorded during monazite growth, where monazite would exhibit 
progressively stronger negative Eu anomalies with time. 
For samples from the Stone Creek area, LuN/DyN increases slightly over time beginning 
at ca. 1.77 Ga (Fig. 14a,c). This is interpreted as the prograde growth of monazite and garnet at 
the expense of xenotime. Since several younger monazite grains occur as inclusions in garnet, 
this precludes the possibility of the increase in LuN/DyN resulting from garnet breakdown in 
SC13-6. The slight increase in LuN/DyN is interpreted as the increasing stability of HREE in 
monazite at greater temperatures, suggesting prograde metamorphism peaking around the 
weighted mean of garnet inclusions at 1757 ± 8 Ma at ~6.5 kbar and ~760 °C (Fig. 16a).  
REE patterns in samples from the Elk Gulch area are suggestive of modal phase changes. 
For the migmatitic gneiss EG13-4, decreases LuN/DyN and EuN/EuN* from 1.79 to 1.75 Ga (Fig. 
14e,f) are suggestive of garnet growth and melt production respectively, placing peak 
metamorphic conditions of ~9 kbar and ~780 °C between the weighted mean ages of garnet 
inclusions from 1769–1757 Ma for this locality (Fig. 16a). Additionally, grain m10 occurs within 
the neosome and as such must have grown during melt crystallization below the solidus. The 
observed increases in LuN/DyN and decreases in EuN/EuN* within grain m10 are suggestive of 
garnet consumption and feldspar crystallization during decompression and cooling to 5.0–7.0 
kbar at ~660 °C. Sample EG13-5 shows relatively elevated HREE for inclusions in gedrite and 
matrix grains up to ca. 1.76 Ga. Following this, LuN/DyN is highly variable, which coincides with 
the onset of garnet and cordierite growth with younger inclusion ages compared to gedrite 
inclusions. Cordierite in this rock is interpreted to grow at higher P close to peak conditions, so 
the variation in monazite HREE may reflect the differential partitioning of HREE into garnet, 




partitioning would be expected with garnet consumption and growth of cordierite from 1.76–1.73 
Ga along the retrograde path.  
The Sweetwater Creek sample suite yields REE trends suggestive of modal phase 
changes for both the Big Sky orogeny and the older event. Decreasing LuN/DyN in sample 
SW12-2C from 1.78–1.76 Ga is interpreted as recording garnet growth, though this same 
LuN/DyN trend could also be the result of analyses from mixed chemical and age domains. As 
garnet inclusions from samples SW12-1A and SW12-2C only yield ages older than ca. 1.75 Ga 
(Fig. 14i,k, and m), it seems likely that this LuN/DyN does record garnet growth, which places 
peak metamorphism for this locality at the weighted mean of garnet inclusions from SW12-1A at 
1754 ± 6 Ma at 8–9 kbar and 750–800 °C. Increasing LuN/DyN and decreasing EuN/EuN* in all 
three samples from 1.76–1.71 Ga (Fig. 14i-n) is interpreted as corresponding to garnet resorption 
and feldspar growth during isothermal decompression and subsequent cooling to ~5 kbar and 
650–700 °C. 
From the older event, monazite analyses from all three samples show LuN/DyN increasing 
over time, up to ~0.1; values roughly 2 times greater than the maximum values recorded in the 
younger population (Figs. 14i,k, and m and 15a,c, and e). Even though the LuN/DyN between the 
two populations are so different, the LREE and MREE concentrations are similar (Fig. 13e-j). 
The increase in LuN/DyN is likely due to the growth of monazite during xenotime consumption 
and prior to garnet growth, thus the elevated HREE concentrations. Analyses also show 







8.4. Tectonic interpretations for the Ruby Range 
The U-Pb geochronological and metamorphic P–T constraints presented here suggest that 
the Ruby Range preserves a mid-crustal window of both reworked Archean basement as well as 
first-cycle sediments deposited on the Wyoming craton margin post–2.45 Ga. Existing data for 
the CRMS and data presented here suggest the possibility that the CRMS was at least partially 
derived from Paleoproterozoic sediments and interlayered mafic sills that were deposited and 
intruded respectively either along the western margin of the Wyoming craton or as an 
allochthonous body that was accreted to the margin between 2.5 and 1.8 Ga. Similarly, samples 
from the Elk Gulch locality suggest protoliths derived from sediments and mafic igneous rocks 
that were deposited or emplaced during the Proterozoic. However, the significance of ages older 
than 1.8 Ga from the Elk Gulch area remains unclear, as does the tectonic setting of this area 
during this time period. Samples from the Sweetwater Creek locality confirm Archean ages for 
the sedimentary protoliths for this part of the OGS. Additionally, although the data presented 
here suggest contemporaneous metamorphism between the Ruby Range and the Tobacco Root 
Mountains during the Big Sky orogeny (Cheney et al., 2004b), the data here also suggest that 
most of the rocks of the Ruby Range record a period of protracted re-equilibration at relatively 
shallow depths of 5–6 kbar (15–20 km) that are not as well-preserved in the other northern MMT 
ranges, such as the Tobacco Root Mountains. 
Due to the metamorphic signature of monazite growth from 2.52–2.45 Ga for at least 
portions of the DQFG and OGS and the presence of igneous zircons as old as 2.77 Ga (Jones, 
2008) and detrital zircons as old as 3.5 Ga (Mueller et al., 1998), sedimentary protoliths for these 
units are interpreted to have been deposited prior to the ca. 2.5 Ga event during the Archean. 




event affected these rocks at 2.52–2.45 Ga (Fig. 16b). Based on REE characteristics in monazite, 
garnet does not appear to have formed during this earlier metamorphic event, but significant 
growth of plagioclase is suggested. If metamorphism was isochemical, pressures as high as 6 
kbar and temperatures as high as 600 °C could have easily have been reached without forming 
garnet during the earlier event. Due to the degree of subsequent overprinting and the possibility 
of modifications to the bulk rock chemistry, no robust P-T constraints are available for the ca. 
2.5 Ga event besides this tentative upper limit. 
Following ca. 2.5 Ga metamorphism, the deposition of sedimentary protoliths for the 
CRMS and portions of the OGS occurred from ca. 2.45–1.80 Ga (Fig. 16b). Due to the 
prevalence of marbles with subordinate interlayered metapelitic lithologies, accumulation of 
passive margin sediments seems most likely, though whether or not these sediments accumulated 
along the margin of the Wyoming craton or represent an allochthonous terrane that was accreted 
onto the craton is uncertain. Future detrital zircon studies would prove useful in placing 
constraints on sediment provenance and maximum depositional ages. Subduction of the 
Wyoming province beneath the Medicine Hat block is inferred to have begun prior to ca. 1.9 Ga, 
with the emplacement of the igneous intrusive units of the Little Belt Mountains as a continental 
arc (Mueller et al., 2002; Vogl et al., 2004).  
 Monazite growth in the Ruby Range during the Big Sky orogeny suggests crustal 
thickening and prograde metamorphism began ca. 1.79 Ga and culminated at ca. 1.76 Ga (Fig. 
16a,b). During this time, Proterozoic sediments and igneous rocks are interpreted to have been 
intercalated with Archean crust during imbrication and thrust stacking. It is likely that the entire 
CRMS was first metamorphosed at this time, but it is unknown what portion of the DQFG and 




further geochronological studies. The similarity in peak T but discrepancy in peak P between the 
Stone Creek and the Elk Gulch and Sweetwater Creek localities, combined with field 
observations of extensive migmatitic lithologies, suggests that significant melt migration 
occurred, greatly compressing the geothermal gradient through the advection of melt and heat. 
 From ca. 1.76–1.71 Ga, orogenic collapse is inferred based on the replacement of garnet 
(and sillimanite) by cordierite and the increasing HREE abundance in monazite with decreasing 
age (Fig. 16b). Additionally, the 40Ar/39Ar cooling dates of Brady (1998) at ca. 1.72 Ga provide 
further confirmation of rapid cooling. During this time period, the Elk Gulch and Sweetwater 
Creek areas record 4 kbar (~12 km) of decompression, whereas the Stone Creek area records less 
than 1 kbar of decompression before re-equilibrating at 15–20 km depths. 
 
8.5 Tectonic comparisons 
The P–T–t paths of metamorphism presented here for the Ruby Range during the Big Sky 
orogeny are similar to other Proterozoic orogens (Whitmeyer and Karlstrom, 2007; Zhao et al., 
2002), but the timescales are much longer than those of modern continent–continent collisions 
(Faisal et al., 2014; Larson and Cottle, 2014; Stearns et al., 2013). To illustrate this 
generalization, the Big Sky orogeny is best compared to the Proterozoic Trans–Hudson orogeny 
and the modern India–Eurasia collision in the Himalayas. These comparisons lend support to the 
idea that Proterozoic tectonic processes occurred in a similar manner to modern processes, but at 
slower rates (Bradley, 2008; Korenaga, 2006). 
Monazite ages from the Big Sky orogeny in this study range from 1.79–1.71 Ga, with a 
ca. 50 million year spread of dates for individual samples. Three samples yield populations with 




between 1 and 2. This suggests that much of the spread of ages between 1.79–1.71 Ga may be 
related to analytical error and not truly representative of the timescale of metamorphism. 
However, the REE trends suggest changes over time that cannot be explained by analytical error. 
Because of this, a major portion of the observed 80 Ma of monazite growth must be related to 
metamorphism during orogenesis. Additionally, the 1.86 Ga continental arc rocks of the Little 
Belt Mountains (Mueller et al., 2002; Vogl et al., 2004) suggests that the subduction zone was 
active for a minimum of 70 Ma prior to metamorphism within the Ruby Range, for a minimum 
total of 150 Ma of tectonic activity.  
The Big Sky orogeny is one of many ca. 2.1–1.8 Ga Proterozoic orogenies (Whitmeyer 
and Karlstrom, 2007; Zhao et al., 2002), but is perhaps most comparable to the collision between 
the Superior and Hearne provinces in the northern portion of the Trans–Hudson orogeny in terms 
of the active tectonic processes and the timescales of these processes. The Trans–Hudson orogen 
consists of arcs, inter–arc basins, oceanic plateaus, and oceanic crust that were assembled from 
ca. 1.9–1.8 Ga as the Superior craton approached the Wyoming, Rae, and Hearne provinces 
(Hoffman, 1988; Schneider et al., 2007). The polarity of subduction between the Superior and 
Hearne provinces remains a matter of debate (Couëslan et al., 2013). Juvenile igneous plutons 
within the Superior province suggest that the Hearne province was the down–going plate 
(Bleeker et al., 1995; Percival et al., 2005; Zwanzig et al., 2003), whereas seismic data suggest 
that the Superior province was subducted beneath the Hearne province (Ellis and Beaumont, 
1999; White et al., 2002).  
Because of the disagreement on the polarity of subduction, there is also some 
disagreement on timing of the onset of subduction.  If the Superior craton was subducted beneath 




rocks at 1.92 Ga could mark the onset of subduction. If the Hearne province were subducted 
beneath the Superior craton, then the 1.89–1.88 Ga felsic and mafic bodies interpreted as 
resulting from continental arc magmatism (Corrigan et al., 2009; Percival et al.; 2005) could 
record the onset of subduction. Regardless of the polarity of subduction, collision between the 
Hearn and Superior provinces is thought to have initiated by ca. 1.83 Ga with the termination of 
arc magma generation (Ansdell, 2005) and the first pulse of metamorphic activity (Couëslan et 
al., 2013). Peak metamorphism, reaching granulite facies, is thought to have occurred between 
1.82–1.78 Ga (Couëslan et al., 2013; Schneider et al., 2007).  
Cooling across a portion of the Hearne–Superior collisional area has been shown to have 
occurred asynchronously between eastern and western areas separated by a crustal–scale strike–
slip fault system (Couëslan et al., 2013; Schneider et al, 2007). To the east of the fault system, 
rocks yield U–Pb titanite and total–Pb monazite ages indistinguishable from 40Ar/39Ar 
hornblende and mica cooling ages at ca. 1.77 Ga (Schneider et al., 2007). To the west of the fault 
system, rocks yield monazite interpreted to have grown during melt crystallization at 1.75 Ga 
(Couëslan et al., 2013), and 40Ar/39Ar biotite and muscovite cooling ages between 1.74 and 1.72 
Ga (Schneider et al., 2007). 
These observations of the Trans–Hudson orogeny describe tectonic processes and 
timescales similar to the data presented here and previously published data on the Big Sky 
orogeny. Both of these orogenies appear to have had active subduction zones for a minimum of 
80–90 Ma prior to continental collision (Ansdell, 2005; Corrigan et al., 2009; Mueller et al., 
2002; Percival et al., 2005; Vogl et al., 2004). Both orogenies reached granulite facies 
metamorphism (Cheney et al., 2004a; Couëslan et al., 2013) possibly on a down–going 




2004; White, 2002) with metamorphism lasting ~80 Ma (Cheney et al., 2004b; Couëslan et al., 
2013). Additionally, both areas underwent rapid but nonuniform orogenic collapse (Cheney et 
al., 2004a; Schneider et al., 2007). Overall, the active processes during the Big Sky orogeny and 
the northern portion of the Trans–Hudson orogeny are remarkably similar in timescales and 
tectonic scenarios. 
The most comparable modern analog to the Big Sky orogeny is perhaps the Himalayan–
Tibetan orogen, resulting from the collision of India and Eurasia. The Himalaya can be divided 
into three imbricated units separated by thrust faults that merge into a common décollement at 
depth (Nelson et al., 1996; Zhao et al., 1993). The basal unit consists of Miocene–Pliocene 
terrigenous sedimentary sequences overlain by Pleistocene alluvium, known as the Sub–
Himalaya (DeCelles et al., 2001). The Lesser Himalaya consists of Precambrian–Mesozoic low–
grade schist and unmetamorphosed sedimentary rock and generally occupies the elevations 
between about 1500 and 3000 m. Above this unit lies the Greater Himalaya, which is comprised 
of Precambrian gneiss overlain by Paleozoic and Mesozoic sedimentary rock. This unit includes 
amphibolite grade metamorphic rocks, migmatite, and Miocene granitic intrusions (Hodges et 
al., 1996; Searle et al., 1999). To the north of these three units lies a system of normal faults 
known as the South Tibetan Detachment System (Burchfiel et al., 1992). This system separates 
the high–grade gneisses of the Greater Himalaya from low–grade Cambrian–Eocene rocks that 
were originally deposited on the northern passive margin of India. These low–grade, younger 
rocks also host a series of discontinuous gneiss domes cored by Precambrian metamorphic 
basement (Burg et al., 1984), known as the northern Himalaya gneiss domes. 
Prior to the collision between India and Eurasia, the Eurasian margin was tectonically 




island arcs (Yin and Harrison, 2000). Subduction of Indian oceanic lithosphere may have been 
continuous since ca. 180 Ma, as evidenced by arc plutonic rocks (Faisal et al., 2014). Though 
there is some disagreement on the exact timing of the onset of collision between India and 
Eurasia, various estimates place the initial collision between 70–50 Ma (Beck et al., 1995; 
Gaetani and Garzanti, 1991; Molnar and Topponier, 1975; Williams et al., 1996; Yin and 
Harrison, 2000). Greenschist facies metamorphism within the Himalaya dates back to 44 Ma 
(Foster et al., 2000). Barrovian metamorphism of the Greater Himalaya dates from 39–16 Ma, 
with crustal melting from 24–12 Ma (Cottle et al., 2009). Migmatites within Greater Himalaya 
have been dated from 31–17 Ma, though individual blocks passed through melting conditions in 
5–7 Ma (Rubatto et al., 2013).  
Like the Big Sky orogeny, the Himalayas are the result of long lived subduction 
culminating in continent–continent collision (Faisal et al., 2014). Although the collision between 
India and Eurasia began between 70–50 Ma (Yin and Harrison, 2000), metamorphism in 
individual localities appears to only last up to 20 Ma (Cottle et al., 2009; Larson and Cottle, 
2014; Rubatto et al., 2013; Stearns et al., 2013). In comparison, monazite ages presented here for 
the Ruby Range document metamorphism lasting ~80 Ma, which was shown to be comparable to 
the timescales observed within the Trans–Hudson orogeny (Couëslan et al., 2013). This major 
difference in the timescales of metamorphism supports the theory that Proterozoic tectonic 
processes occurred more slowly than modern processes. 
Through thermal modeling, Korenaga (2006) predicted that ancient plate tectonic 
processes would have been slower than modern processes. This arises from the early earth being 
hotter and thus density differences between the mantle and the lithosphere would be reduced. 




of passive margins by Bradley (2008). Bradley (2008) documented several periods of abundant 
passive margin accumulation through the Earth’s history, with Precambrian passive margins 
having significantly longer lifespans than Phanerozoic ones. From the timescales of 
metamorphism during the Big Sky orogeny documented here, it does appear that Proterozoic 
tectonic processes may have proceeded at slower rates than modern tectonic processes. 
 
9. Conclusions 
 P–T–t constraints suggest distinct metamorphic histories for the Stone Creek, Elk Gulch, 
and Sweetwater Creek areas of the Ruby Range. Monazite from the Stone Creek locality yields 
dates from 1.79–1.72 Ga, with metamorphism at ~6.5 kbar and ~760 °C inferred at ca. 1.76 Ga. 
The Stone Creek area then experienced decompression and cooling to ~6 kbar and ~680 °C from 
1.76-1.72 Ga. The Elk Gulch area primarily yields monazite dates from 1.78-1.73 Ga, with 
several analyses from 2.40–1.81 Ga with unclear origins. The Sweetwater Creek locality 
preserves monazite growth from 2.52–1.71 Ga, with two populations at 2.52–2.45 Ga and 1.78–
1.71 Ga. Available data from the older population suggest metamorphism did not reach P–T 
conditions necessary for garnet growth. During the Big Sky orogeny, both the Sweetwater Creek 
and Elk Gulch localities are interpreted to have reached peak conditions of ~9 kbar and 780 °C at 
ca. 1.76 Ga, followed by isothermal decompression and then isobaric cooling to ~5 kbar and 660 
°C from 1.76-1.71 Ga. These data suggest that Stone Creek area represents first-cycle 
Proterozoic sediments, with the possibility that the entire CRMS was first metamorphosed during 
the Big Sky orogeny. Additionally, even though the Elk Gulch and Sweetwater Creek areas 




monazite in the Elk Gulch samples suggest that the Elk Gulch sedimentary protoliths also 
accumulated during the Proterozoic. Collectively, these data document crustal addition of 
Proterozoic material, metamorphism of original Archean cratonic lithosphere, anatexis, and 
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                  U-Th-Pb LASS-ICP-MS monazite geochronology data. 
Sample, Grain, 






U Th Pb Th/U 238U/206Pb ±2σ 207Pb/206Pb ±2σ Rho 208Pb/232Th ±2σ   206Pb/238U ±2σ 207Pb/206Pb ±2σ Concordance 
SC13-4 m1_1 Matrix grain 2877 18490 2574 6.4 3.340 0.122 0.1069 0.0017 -0.09 0.0896 0.0016 
 
1689 34 1747 28 97 
SC13-4 m1_2 Matrix grain 2885 21000 3006 7.3 3.280 0.120 0.1077 0.0017 -0.04 0.0925 0.0017 
 
1717 34 1761 29 98 
SC13-4 m1_3 Matrix grain 2300 17300 2460 7.5 3.273 0.123 0.1080 0.0017 0.04 0.0943 0.0023 
 
1717 34 1766 29 97 
SC13-4 m1_4 Matrix grain 2510 17700 2520 7.1 3.274 0.121 0.1085 0.0017 0.09 0.0935 0.0019 
 
1718 34 1774 28 97 
SC13-4 m1_5 Matrix grain 2250 11690 1688 5.2 3.278 0.123 0.1086 0.0017 0.11 0.0952 0.0019 
 
1716 34 1776 28 97 
SC13-4 m1_6 Matrix grain 3538 10730 1546 3.0 3.292 0.122 0.1076 0.0017 -0.03 0.0925 0.0018 
 
1711 34 1759 28 97 
SC13-4 m1_7 Matrix grain 3387 10860 1551 3.2 3.283 0.120 0.1077 0.0017 -0.02 0.0929 0.0018 
 
1713 34 1760 28 97 
SC13-4 m1_8 Matrix grain 2531 12450 1771 4.9 3.292 0.122 0.1082 0.0017 -0.11 0.0927 0.0018 
 
1709 34 1769 29 97 
SC13-4 m1_9 Matrix grain 2088 12060 1784 5.8 3.282 0.121 0.1080 0.0017 -0.11 0.0964 0.0018 
 
1714 34 1766 29 97 
SC13-4 m2_1 Matrix grain 1330 29200 3741 22.0 3.121 0.116 0.1062 0.0017 -0.01 0.0835 0.0016 
 
1793 36 1734 30 103 
SC13-4 m2_2 Matrix grain 1315 25140 3335 19.1 3.183 0.119 0.1067 0.0017 0.13 0.0863 0.0016 
 
1762 35 1743 29 101 
SC13-4 m3_1 Matrix grain 2261 13960 1887 6.2 3.222 0.123 0.1065 0.0017 -0.10 0.0886 0.0018 
 
1742 35 1740 29 100 
SC13-4 m3_2 Matrix grain 2120 16610 2280 7.8 3.243 0.118 0.1060 0.0017 0.05 0.0894 0.0016 
 
1732 35 1731 29 100 
SC13-4 m3_3 Matrix grain 2224 15730 2144 7.1 3.215 0.118 0.1063 0.0017 -0.07 0.0881 0.0017 
 
1747 35 1737 29 101 
SC13-4 m3_4 Matrix grain 2030 17400 2354 8.6 3.220 0.118 0.1064 0.0017 0.00 0.0881 0.0016 
 
1745 35 1738 29 100 
SC13-4 m4_1 Matrix grain 2000 21900 2930 11.0 3.274 0.122 0.1061 0.0017 -0.21 0.0870 0.0018 
 
1717 34 1733 29 99 
SC13-4 m4_2 Matrix grain 2152 27630 3811 12.8 3.156 0.117 0.1060 0.0017 0.10 0.0897 0.0017 
 
1776 36 1731 29 103 
SC13-4 m4_3 Matrix grain 2502 30950 4194 12.4 3.185 0.119 0.1058 0.0016 0.08 0.0885 0.0018 
 
1759 35 1729 28 102 
SC13-4 m4_4 Matrix grain 2256 26980 3682 12.0 3.172 0.117 0.1055 0.0017 -0.04 0.0884 0.0017 
 
1766 35 1723 29 103 
SC13-4 m5_1 Matrix grain 2098 31200 4220 14.9 3.143 0.119 0.1067 0.0017 -0.08 0.0887 0.0020 
 
1780 36 1744 29 102 
SC13-4 m5_2 Matrix grain 1720 22500 3140 13.1 3.207 0.122 0.1065 0.0017 -0.04 0.0940 0.0026 
 
1748 35 1739 29 100 
SC13-4 m5_3 Matrix grain 2036 44750 5936 22.0 3.170 0.117 0.1068 0.0017 0.09 0.0862 0.0017 
 
1767 35 1745 29 101 
SC13-4 m5_4 Matrix grain 2256 29970 4031 13.3 3.207 0.120 0.1064 0.0017 0.03 0.0863 0.0017 
 
1749 35 1739 28 101 
SC13-4 m5_5 Matrix grain 1928 43300 5840 22.5 3.136 0.116 0.1067 0.0017 0.08 0.0880 0.0017 
 
1784 36 1743 29 102 
SC13-4 m5_6 Matrix grain 2000 33030 4386 16.5 3.153 0.119 0.1067 0.0017 -0.04 0.0863 0.0017 
 
1779 36 1743 29 102 
SC13-4 m5_7 Matrix grain 2253 30520 4086 13.5 3.212 0.120 0.1067 0.0017 -0.08 0.0867 0.0018 
 
1746 35 1743 29 100 
SC13-6 m1_1 Garnet inclusion 4027 28540 3858 7.1 3.231 0.071 0.1081 0.0022 0.11 0.0879 0.0020 
 
1738 35 1767 37 98 
SC13-6 m1_2 Garnet inclusion 4170 22490 3086 5.4 3.230 0.071 0.1084 0.0022 0.02 0.0893 0.0019 
 
1738 35 1772 37 98 
SC13-6 m1_3 Garnet inclusion 3713 23360 3245 6.3 3.228 0.071 0.1080 0.0022 -0.13 0.0896 0.0020 
 
1739 35 1766 37 98 
SC13-6 m1_4 Garnet inclusion 4060 25970 3544 6.4 3.227 0.070 0.1080 0.0022 0.01 0.0890 0.0019 
 
1740 35 1766 37 99 
SC13-6 m1_5 Garnet inclusion 3562 23400 3212 6.6 3.255 0.070 0.1076 0.0022 0.06 0.0889 0.0019 
 
1728 35 1758 37 98 
SC13-6 m1_6 Garnet inclusion 4340 30520 4169 7.0 3.252 0.071 0.1075 0.0022 -0.07 0.0891 0.0020 
 
1728 35 1757 37 98 
SC13-6 m3_1 Garnet inclusion 2162 45770 6120 21.2 3.126 0.072 0.1074 0.0022 -0.04 0.0870 0.0019 
 
1789 36 1755 38 102 
SC13-6 m3_2 Garnet inclusion 2034 45270 6030 22.3 3.150 0.071 0.1070 0.0022 -0.12 0.0869 0.0019 
 
1777 36 1749 38 102 
SC13-6 m3_3 Garnet inclusion 1895 42230 5666 22.3 3.143 0.071 0.1073 0.0022 0.03 0.0884 0.0020 
 
1781 36 1753 38 102 
SC13-6 m3_4 Garnet inclusion 2471 34650 4718 14.0 3.247 0.074 0.1071 0.0022 0.14 0.0890 0.0019 
 
1733 35 1751 38 99 
SC13-6 m3_5 Garnet inclusion 1748 39380 5240 22.5 3.233 0.078 0.1065 0.0023 0.08 0.0877 0.0020 
 
1738 35 1741 39 100 
SC13-6 m3_6 Garnet inclusion 1882 40500 5240 21.5 3.317 0.078 0.1085 0.0022 -0.03 0.0855 0.0019 
 
1698 34 1774 38 96 
SC13-6 m4_1 Garnet inclusion 2358 45300 5940 19.2 3.231 0.073 0.1078 0.0022 0.30 0.0862 0.0019 
 
1739 35 1762 38 99 
SC13-6 m4_2 Garnet inclusion 2311 44110 5865 19.1 3.128 0.075 0.1076 0.0022 -0.05 0.0880 0.0021 
 
1790 36 1760 38 102 
SC13-6 m4_3 Garnet inclusion 1429 33500 4569 23.4 3.124 0.072 0.1073 0.0023 -0.07 0.0887 0.0020 
 
1789 36 1754 39 102 
SC13-6 m4_4 Garnet inclusion 3330 43900 5890 13.2 3.099 0.070 0.1074 0.0022 -0.06 0.0892 0.0020 
 







SC13-6 m5_1 Garnet inclusion 2411 45900 6010 19.0 3.197 0.072 0.1065 0.0022 -0.01 0.0862 0.0019 
 
1754 35 1741 38 101 
SC13-6 m5_2 Garnet inclusion 3490 41300 5530 11.8 3.175 0.069 0.1079 0.0022 0.11 0.0880 0.0019 
 
1765 35 1765 37 100 
SC13-6 m5_3 Garnet inclusion 1774 41560 5515 23.4 3.133 0.074 0.1068 0.0022 0.12 0.0874 0.0020 
 
1785 36 1745 38 102 
SC13-6 m5_4 Garnet inclusion 2935 40230 5381 13.7 3.153 0.070 0.1070 0.0022 -0.06 0.0879 0.0019 
 
1777 36 1749 37 102 
SC13-6 m6_1 Matrix grain 3610 19950 2682 5.5 3.177 0.075 0.1075 0.0022 -0.02 0.0884 0.0021 
 
1766 35 1758 37 100 
SC13-6 m6_2 Matrix grain 2850 23660 3111 8.3 3.105 0.071 0.1074 0.0022 0.00 0.0870 0.0020 
 
1801 36 1755 37 103 
SC13-6 m6_3 Matrix grain 3550 18200 2475 5.1 3.139 0.070 0.1076 0.0022 0.13 0.0881 0.0020 
 
1782 36 1758 37 101 
SC13-6 m6_4 Matrix grain 3410 17260 2323 5.1 3.161 0.070 0.1078 0.0022 0.06 0.0872 0.0020 
 
1771 35 1762 37 101 
SC13-6 m6_5 Matrix grain 3338 13640 1839 4.1 3.172 0.070 0.1082 0.0022 0.03 0.0872 0.0019 
 
1768 35 1770 37 100 
SC13-6 m6_6 Matrix grain 3180 16030 2171 5.0 3.137 0.073 0.1080 0.0022 0.13 0.0880 0.0020 
 
1783 36 1765 37 101 
SC13-6 m7_1  Matrix grain 3590 22920 3174 6.4 3.180 0.073 0.1092 0.0022 0.03 0.0891 0.0020 
 
1762 35 1786 37 99 
SC13-6 m7_2 Matrix grain 4750 22130 3065 4.7 3.182 0.073 0.1084 0.0022 0.08 0.0887 0.0019 
 
1761 35 1773 37 99 
SC13-6 m7_3 Matrix grain 3510 21280 2958 6.1 3.153 0.072 0.1083 0.0022 -0.03 0.0889 0.0020 
 
1775 36 1771 37 100 
SC13-6 m7_4 Matrix grain 3324 20160 2809 6.1 3.187 0.072 0.1083 0.0022 -0.05 0.0888 0.0020 
 
1759 35 1771 37 99 
SC13-6 m7_5 Matrix grain 3562 21070 2918 5.9 3.192 0.072 0.1083 0.0022 0.18 0.0901 0.0020 
 
1756 35 1770 37 99 
SC13-6 m7_6  Matrix grain 3399 20010 2786 5.9 3.211 0.074 0.1086 0.0022 -0.03 0.0898 0.0020 
 
1749 35 1777 37 98 
SC13-6 m8_1 Matrix grain 2796 21370 2970 7.6 3.222 0.074 0.1088 0.0022 0.08 0.0887 0.0019 
 
1746 35 1779 38 98 
SC13-6 m8_2 Matrix grain 3650 25720 3538 7.0 3.172 0.072 0.1091 0.0022 -0.16 0.0895 0.0020 
 
1766 35 1784 37 99 
SC13-6 m8_3 Matrix grain 5529 32370 4414 5.9 3.280 0.077 0.1095 0.0022 0.20 0.0900 0.0021 
 
1715 34 1790 37 96 
SC13-6 m8_4 Matrix grain 2887 23850 3320 8.3 3.185 0.073 0.1094 0.0022 0.00 0.0895 0.0020 
 
1761 35 1789 37 98 
SC13-6 m8_5 Matrix grain 6320 36900 4920 7.0 3.298 0.077 0.1090 0.0022 0.05 0.0899 0.0020 
 
1708 34 1783 37 96 
SC13-6 m9_1 Matrix grain 3740 27460 3778 7.3 3.194 0.071 0.1075 0.0022 0.04 0.0895 0.0020 
 
1755 35 1757 37 100 
SC13-6 m9_2 Matrix grain 4000 27220 3714 6.8 3.181 0.070 0.1076 0.0022 0.17 0.0895 0.0020 
 
1762 35 1759 37 100 
SC13-6 m9_3 Matrix grain 3980 27410 3776 6.9 3.182 0.071 0.1075 0.0022 0.19 0.0893 0.0020 
 
1761 35 1757 37 100 
SC13-6 m9_4 Matrix grain 4310 29710 4080 6.9 3.186 0.072 0.1077 0.0022 0.19 0.0886 0.0020 
 
1761 35 1761 37 100 
SC13-6 m9_5 Matrix grain 4126 21780 3031 5.3 3.188 0.071 0.1079 0.0022 0.02 0.0872 0.0020 
 
1759 35 1763 37 100 
SC13-6 m9_6 Matrix grain 4000 25330 3500 6.3 3.182 0.071 0.1079 0.0022 0.21 0.0893 0.0020 
 
1761 35 1764 37 100 
SC13-6 m9_7 Matrix grain 3980 21700 2988 5.5 3.198 0.071 0.1080 0.0022 0.02 0.0864 0.0020 
 
1755 35 1766 37 99 
EG13-4 m1_1 Matrix grain 3940 24130 3334 6.1 3.188 0.053 0.1080 0.0017 0.09 0.0887 0.0015 
 
1758 35 1766 29 100 
EG13-4 m1_2 Matrix grain 6140 23800 3270 3.9 3.160 0.046 0.1074 0.0016 0.14 0.0887 0.0012 
 
1772 35 1756 27 101 
EG13-4 m1_3 Matrix grain 3710 23650 3221 6.4 3.148 0.044 0.1065 0.0016 0.01 0.0891 0.0013 
 
1778 36 1740 28 102 
EG13-4 m1_4 Matrix grain 4240 24360 3387 5.7 3.113 0.047 0.1071 0.0016 0.10 0.0899 0.0013 
 
1795 36 1751 27 103 
EG13-4 m1_5 Matrix grain 7980 15410 2160 1.9 3.141 0.047 0.1078 0.0016 0.00 0.0901 0.0013 
 
1785 36 1763 27 101 
EG13-4 m1_6 Matrix grain 7200 16690 2352 2.3 3.175 0.047 0.1078 0.0016 -0.07 0.0909 0.0014 
 
1764 35 1763 27 100 
EG13-4 m1_7 Matrix grain 4390 24910 3451 5.7 3.171 0.048 0.1074 0.0016 0.07 0.0893 0.0013 
 
1768 35 1756 27 101 
EG13-4 m1_8 Matrix grain 5070 25820 3573 5.1 3.201 0.051 0.1075 0.0016 0.00 0.0891 0.0014 
 
1753 35 1757 27 100 
EG13-4 m1_9 Matrix grain 4946 26560 3645 5.4 3.200 0.048 0.1072 0.0016 0.14 0.0887 0.0014 
 
1752 35 1752 27 100 
EG13-4 m1_10 Matrix grain 6840 27620 3804 4.0 3.184 0.051 0.1080 0.0016 0.04 0.0890 0.0014 
 
1760 35 1766 27 100 
EG13-4 m1_11 Matrix grain 4008 24730 3483 6.2 3.133 0.045 0.1076 0.0016 -0.10 0.0902 0.0013 
 
1787 36 1759 27 102 
EG13-4 m2_1 Matrix grain 4740 26580 3657 5.6 3.234 0.044 0.1082 0.0016 0.05 0.0887 0.0012 
 
1736 35 1769 27 98 
EG13-4 m2_2 Matrix grain 5750 26140 3625 4.5 3.195 0.049 0.1082 0.0016 -0.11 0.0892 0.0014 
 
1756 35 1769 27 99 
EG13-4 m2_3 Matrix grain 2981 25440 3504 8.5 3.156 0.053 0.1076 0.0016 0.13 0.0891 0.0015 
 
1776 36 1759 27 101 
EG13-4 m2_4 Matrix grain 2768 27130 3740 9.8 3.174 0.048 0.1075 0.0016 0.06 0.0886 0.0013 
 
1767 35 1757 27 101 
EG13-4 m2_5 Matrix grain 2829 27150 3713 9.6 3.183 0.046 0.1077 0.0016 0.02 0.0883 0.0013 
 
1761 35 1761 27 100 
EG13-4 m2_6 Matrix grain 3748 27570 3818 7.4 3.181 0.045 0.1081 0.0016 0.08 0.0889 0.0013 
 
1762 35 1768 27 100 
EG13-4 m2_7 Matrix grain 6550 17450 2481 2.7 3.184 0.052 0.1090 0.0016 0.01 0.0911 0.0015 
 
1760 35 1783 27 99 
EG13-4 m2_8 Matrix grain 6077 13260 1940 2.2 3.195 0.047 0.1090 0.0016 0.08 0.0953 0.0017 
 







EG13-4 m2_9 Matrix grain 5370 19300 2740 3.6 3.167 0.048 0.1087 0.0016 0.07 0.0919 0.0015 
 
1768 35 1778 27 99 
EG13-4 m2_10 Matrix grain 7050 15390 2193 2.2 3.182 0.044 0.1088 0.0016 -0.22 0.0914 0.0013 
 
1763 35 1779 27 99 
EG13-4 m2_11 Matrix grain 4066 27430 3800 6.7 3.181 0.047 0.1079 0.0016 0.03 0.0890 0.0013 
 
1762 35 1764 27 100 
EG13-4 m2_12 Matrix grain 5300 18050 2528 3.4 3.125 0.049 0.1088 0.0016 0.24 0.0898 0.0014 
 
1789 36 1779 27 101 
EG13-4 m2_13 Matrix grain 3990 27350 3774 6.9 3.161 0.046 0.1081 0.0016 0.13 0.0889 0.0013 
 
1771 35 1768 27 100 
EG13-4 m3_1 Matrix grain adj grt 2370 24580 3468 10.4 3.122 0.051 0.1089 0.0017 -0.19 0.0915 0.0016 
 
1790 36 1781 28 100 
EG13-4 m3_2 Matrix grain adj grt 4020 26080 3639 6.5 3.152 0.049 0.1083 0.0016 0.13 0.0897 0.0014 
 
1776 36 1771 27 100 
EG13-4 m3_3 Matrix grain adj grt 2590 16400 2470 6.3 2.801 0.075 0.1213 0.0028 -0.77 0.1045 0.0033 
 
1964 39 1975 41 99 
EG13-4 m3_4 Matrix grain adj grt 4106 26500 3720 6.5 3.189 0.049 0.1083 0.0016 0.03 0.0896 0.0014 
 
1760 35 1771 27 99 
EG13-4 m3_5 Matrix grain adj grt 4590 27170 3837 5.9 3.162 0.047 0.1081 0.0016 0.20 0.0901 0.0013 
 
1771 35 1768 27 100 
EG13-4 m3_6 Matrix grain adj grt 2410 6770 1354 2.8 2.231 0.046 0.1546 0.0024 0.19 0.1282 0.0023 
 
2389 48 2397 26 100 
EG13-4 m3_7 Matrix grain adj grt 4418 27760 3900 6.3 3.175 0.046 0.1078 0.0016 -0.03 0.0893 0.0013 
 
1765 35 1763 27 100 
EG13-4 m3_8 Matrix grain adj grt 3611 25650 3600 7.1 3.174 0.045 0.1074 0.0016 -0.07 0.0895 0.0013 
 
1765 35 1756 27 101 
EG13-4 m3_9 Matrix grain adj grt 3377 26030 3638 7.7 3.147 0.046 0.1077 0.0017 0.07 0.0897 0.0014 
 
1780 36 1761 29 101 
EG13-4 m3b_1 Matrix grain adj grt 4344 27970 3882 6.4 3.194 0.049 0.1077 0.0016 0.11 0.0894 0.0014 
 
1755 35 1761 27 100 
EG13-4 m3b_2 Matrix grain adj grt 6610 11470 1737 1.7 3.133 0.050 0.1131 0.0018 -0.25 0.0966 0.0017 
 
1787 36 1850 29 97 
EG13-4 m3b_3 Matrix grain adj grt 4193 26850 3738 6.4 3.204 0.050 0.1073 0.0016 0.17 0.0887 0.0014 
 
1750 35 1754 27 100 
EG13-4 m4_1 Garnet inclusion 6140 24200 3440 3.9 3.159 0.055 0.1084 0.0016 0.21 0.0935 0.0019 
 
1772 35 1773 27 100 
EG13-4 m4_2 Garnet inclusion 2920 11200 1700 3.8 3.114 0.067 0.1078 0.0017 0.12 0.1014 0.0028 
 
1793 36 1763 29 102 
EG13-4 m4_3 Garnet inclusion 8030 29100 4040 3.6 3.146 0.048 0.1083 0.0016 0.05 0.0907 0.0014 
 
1779 36 1771 27 100 
EG13-4 m5_1 Garnet inclusion 9450 31850 4457 3.4 3.225 0.046 0.1083 0.0016 0.05 0.0901 0.0013 
 
1742 35 1771 27 98 
EG13-4 m5_2 Garnet inclusion 8880 28570 4037 3.2 3.198 0.051 0.1082 0.0016 -0.12 0.0922 0.0014 
 
1753 35 1769 27 99 
EG13-4 m5_3 Garnet inclusion 9420 28830 4043 3.1 3.207 0.047 0.1081 0.0016 -0.01 0.0914 0.0014 
 
1749 35 1768 27 99 
EG13-4 m6_1 Sillimanite inclusion 5730 31260 4330 5.5 3.170 0.046 0.1078 0.0016 0.20 0.0907 0.0013 
 
1767 35 1763 27 100 
EG13-4 m6_2 Sillimanite inclusion 5330 30170 4151 5.7 3.224 0.051 0.1072 0.0016 0.05 0.0892 0.0014 
 
1741 35 1752 27 99 
EG13-4 m6_3 Sillimanite inclusion 5510 30160 4208 5.5 3.185 0.044 0.1075 0.0016 -0.08 0.0908 0.0013 
 
1760 35 1757 27 100 
EG13-4 m6_4 Sillimanite inclusion 5840 30720 4338 5.3 3.202 0.050 0.1079 0.0016 0.04 0.0913 0.0014 
 
1753 35 1764 27 99 
EG13-4 m6_5 Sillimanite inclusion 4580 31350 4410 6.8 3.232 0.060 0.1077 0.0016 0.09 0.0896 0.0017 
 
1742 35 1761 27 99 
EG13-4 m7_1 Sillimanite inclusion 3558 25510 3507 7.2 3.186 0.051 0.1079 0.0016 -0.02 0.0892 0.0014 
 
1759 35 1764 27 100 
EG13-4 m7_2 Sillimanite inclusion 4784 28170 3898 5.9 3.214 0.053 0.1077 0.0016 0.15 0.0887 0.0015 
 
1747 35 1761 27 99 
EG13-4 m7_3 Sillimanite inclusion 3589 26290 3649 7.3 3.202 0.055 0.1079 0.0016 0.05 0.0891 0.0016 
 
1753 35 1764 27 99 
EG13-4 m7_4 Sillimanite inclusion 3822 26740 3741 7.0 3.180 0.052 0.1085 0.0016 -0.01 0.0896 0.0014 
 
1766 35 1774 27 100 
EG13-4 m7_5 Sillimanite inclusion 5360 28850 4020 5.4 3.172 0.053 0.1082 0.0016 0.03 0.0893 0.0016 
 
1766 35 1769 27 100 
EG13-4 m7_6 Sillimanite inclusion 4610 26180 3644 5.7 3.177 0.052 0.1083 0.0016 0.08 0.0892 0.0014 
 
1763 35 1771 27 100 
EG13-4 m7_7 Sillimanite inclusion 4360 28370 3949 6.5 3.169 0.051 0.1082 0.0016 -0.11 0.0885 0.0014 
 
1769 35 1769 27 100 
EG13-4 m7_8 Sillimanite inclusion 4300 26670 3737 6.2 3.188 0.057 0.1082 0.0016 0.07 0.0896 0.0017 
 
1758 35 1769 27 99 
EG13-4 m7b_1 Quartz inclusion 3694 27450 3800 7.4 3.232 0.056 0.1083 0.0017 0.04 0.0873 0.0015 
 
1741 35 1771 29 98 
EG13-4 m7b_2 Quartz inclusion 4070 28480 3925 7.0 3.207 0.055 0.1083 0.0017 0.05 0.0882 0.0015 
 
1748 35 1771 29 99 
EG13-4 m7b_3 Quartz inclusion 3500 27040 3763 7.7 3.212 0.052 0.1086 0.0016 0.05 0.0879 0.0014 
 
1748 35 1776 27 98 
EG13-4 m8_1 Matrix grain 3740 32210 4490 8.6 3.225 0.046 0.1080 0.0016 0.11 0.0886 0.0013 
 
1741 35 1766 27 99 
EG13-4 m8_2 Matrix grain 3580 30900 4340 8.6 3.197 0.045 0.1085 0.0017 -0.27 0.0897 0.0013 
 
1754 35 1774 29 99 
EG13-4 m8_3 Matrix grain 2920 24500 3460 8.4 3.187 0.051 0.1085 0.0017 -0.15 0.0928 0.0018 
 
1759 35 1774 29 99 
EG13-4 m8_4 Matrix grain 3450 24800 3490 7.2 3.212 0.053 0.1079 0.0016 -0.02 0.0925 0.0018 
 
1746 35 1764 27 99 
EG13-4 m8_5 Matrix grain 5400 32220 4499 6.0 3.214 0.043 0.1080 0.0016 -0.06 0.0885 0.0012 
 
1745 35 1766 27 99 
EG13-4 m8_6 Matrix grain 5320 35970 4970 6.8 3.218 0.046 0.1077 0.0016 0.20 0.0881 0.0013 
 
1744 35 1761 27 99 
EG13-4 m8_7 Matrix grain 5570 37050 5120 6.7 3.205 0.041 0.1076 0.0016 0.03 0.0885 0.0011 
 
1750 35 1759 27 99 
EG13-4 m8_8 Matrix grain 5520 36090 4972 6.5 3.223 0.045 0.1076 0.0016 0.13 0.0881 0.0012 
 







EG13-4 m8_9 Matrix grain 4760 34860 4830 7.3 3.223 0.043 0.1068 0.0016 0.17 0.0879 0.0012 
 
1742 35 1746 27 100 
EG13-4 m9_1 Matrix grain leucosome 6640 44000 6250 6.6 3.208 0.047 0.1078 0.0016 0.19 0.0911 0.0013 
 
1750 35 1763 27 99 
EG13-4 m9_2 Matrix grain leucosome 6130 41940 6000 6.8 3.230 0.048 0.1073 0.0016 0.03 0.0920 0.0014 
 
1740 35 1754 27 99 
EG13-4 m9_3 Matrix grain leucosome 9340 31700 4610 3.4 3.121 0.053 0.1109 0.0017 -0.33 0.0948 0.0016 
 
1791 36 1814 28 99 
EG13-4 m9_4 Matrix grain leucosome 6230 41800 6040 6.7 3.175 0.051 0.1088 0.0017 -0.17 0.0936 0.0015 
 
1765 35 1779 28 99 
EG13-4 m9_5 Matrix grain leucosome 6240 44200 6340 7.1 3.145 0.054 0.1076 0.0016 0.11 0.0922 0.0015 
 
1781 36 1759 27 101 
EG13-4 m10_1 Matrix grain leucosome 3749 45500 6420 12.1 3.202 0.049 0.1067 0.0016 0.20 0.0912 0.0014 
 
1752 35 1744 27 100 
EG13-4 m10_2 Matrix grain leucosome 3661 40900 5760 11.2 3.194 0.050 0.1068 0.0016 0.07 0.0908 0.0014 
 
1755 35 1746 27 101 
EG13-4 m10_3 Matrix grain leucosome 4003 43100 6090 10.8 3.194 0.049 0.1065 0.0016 -0.02 0.0909 0.0014 
 
1757 35 1740 28 101 
EG13-4 m10_4 Matrix grain leucosome 3639 45000 6380 12.4 3.193 0.049 0.1066 0.0016 0.16 0.0914 0.0014 
 
1758 35 1742 28 101 
EG13-4 m10_5 Matrix grain leucosome 3734 43000 6090 11.5 3.231 0.054 0.1066 0.0016 0.00 0.0908 0.0015 
 
1742 35 1742 28 100 
EG13-5 m1_2 Cordierite inclusion 10740 25960 3558 2.4 3.210 0.048 0.10700 0.00110 0.12 0.0886 0.0011 
 
1747 35 1749 19 100 
EG13-5 m1_3 Cordierite inclusion 11210 26440 3637 2.4 3.209 0.047 0.10770 0.00110 0.07 0.0888 0.0010 
 
1748 35 1761 19 99 
EG13-5 m1_6 Cordierite inclusion 11420 27130 3745 2.4 3.214 0.047 0.10740 0.00110 -0.10 0.0885 0.0011 
 
1746 35 1756 19 99 
EG13-5 m1_7 Cordierite inclusion 11490 28880 3910 2.5 3.202 0.051 0.10730 0.00110 0.11 0.0894 0.0015 
 
1751 35 1754 19 100 
EG13-5 m2_1 Matrix grain 11930 28530 3888 2.4 3.300 0.052 0.10730 0.00110 0.22 0.0878 0.0011 
 
1707 34 1754 19 97 
EG13-5 m2_2 Matrix grain 13940 31870 4431 2.3 3.257 0.049 0.10830 0.00110 -0.02 0.0897 0.0012 
 
1725 35 1771 19 97 
EG13-5 m2_3 Matrix grain 14330 34220 4732 2.4 3.266 0.054 0.10830 0.00110 -0.17 0.0890 0.0013 
 
1721 34 1771 19 97 
EG13-5 m2_4 Matrix grain 12990 33000 4518 2.5 3.270 0.051 0.10740 0.00110 -0.08 0.0880 0.0012 
 
1719 34 1756 19 98 
EG13-5 m2_5 Matrix grain 13160 31120 4268 2.4 3.313 0.054 0.10680 0.00110 -0.02 0.0880 0.0013 
 
1699 34 1746 19 97 
EG13-5 m3_1 Gedrite inclusion 10450 37460 5041 3.6 3.253 0.049 0.10740 0.00110 0.08 0.0860 0.0011 
 
1727 35 1756 19 98 
EG13-5 m3_2 Gedrite inclusion 10720 36050 4830 3.4 3.254 0.051 0.10740 0.00110 -0.12 0.0865 0.0012 
 
1727 35 1756 19 98 
EG13-5 m3_3 Gedrite inclusion 9680 30810 4208 3.2 3.211 0.045 0.10910 0.00110 0.15 0.0881 0.0010 
 
1747 35 1784 18 98 
EG13-5 m3_4 Gedrite inclusion 11080 35440 4770 3.2 3.268 0.045 0.10720 0.00110 0.04 0.0868 0.0010 
 
1720 34 1752 19 98 
EG13-5 m3_5 Gedrite inclusion 10820 36030 4810 3.3 3.281 0.052 0.10720 0.00110 -0.11 0.0863 0.0011 
 
1716 34 1752 19 98 
EG13-5 m4_1 Garnet inclusion 10050 38070 5192 3.8 3.297 0.050 0.10760 0.00110 -0.05 0.0871 0.0010 
 
1707 34 1759 19 97 
EG13-5 m4_2 Garnet inclusion 7620 40600 6415 5.3 3.190 0.055 0.11050 #### -0.30 0.1021 0.0017 
 
1757 35 1808 20 97 
EG13-5 m4_3 Garnet inclusion 1095 36600 7080 33.4 2.176 0.042 0.15250 #### -0.06 0.1267 0.0017 
 
2435 49 2374 20 103 
EG13-5 m4_4 Garnet inclusion 3440 26660 4840 7.8 2.696 0.048 0.12430 #### -0.42 0.1187 0.0016 
 
2032 41 2019 20 101 
EG13-5 m4_5 Garnet inclusion 11410 38890 5360 3.4 3.263 0.048 0.10760 0.00110 0.12 0.0884 0.0011 
 
1723 34 1759 19 98 
EG13-5 m4_6 Garnet inclusion 9640 34270 4570 3.6 3.284 0.049 0.10730 0.00110 -0.29 0.0865 0.0011 
 
1715 34 1754 19 98 
EG13-5 m4c_1 Gedrite inclusion 11130 37100 5075 3.3 3.244 0.046 0.10780 0.00110 0.26 0.0885 0.0011 
 
1733 35 1763 19 98 
EG13-5 m4c_2 Gedrite inclusion 11580 34190 4630 3.0 3.265 0.050 0.10800 0.00110 -0.02 0.0882 0.0011 
 
1724 34 1766 19 98 
EG13-5 m4c_3 Gedrite inclusion 11410 43100 5790 3.8 3.294 0.048 0.10740 0.00110 -0.01 0.0871 0.0011 
 
1710 34 1756 19 97 
EG13-5 m5_1 Garnet inclusion 7590 21300 2890 2.8 3.321 0.059 0.10740 0.00110 -0.01 0.0917 0.0021 
 
1696 34 1756 19 97 
EG13-5 m5_2 Garnet inclusion 6410 25600 4100 4.0 3.234 0.055 0.11130 #### -0.11 0.1069 0.0021 
 
1738 35 1821 20 95 
EG13-5 m5_4 Garnet inclusion 6320 36730 6080 5.8 3.041 0.046 0.11250 #### 0.04 0.1074 0.0013 
 
1832 37 1840 19 100 
EG13-5 m6_1 Matrix grain 8840 23110 3055 2.6 3.370 0.054 0.10610 0.00110 0.04 0.0863 0.0013 
 
1678 34 1733 19 97 
EG13-5 m6_2 Matrix grain 9470 29520 4004 3.1 3.303 0.053 0.10770 0.00110 -0.01 0.0875 0.0012 
 
1706 34 1761 19 97 
EG13-5 m6_3 Matrix grain 11310 38880 5200 3.4 3.256 0.047 0.10730 0.00110 0.02 0.0871 0.0010 
 
1726 35 1754 19 98 
EG13-5 m6_4 Matrix grain 9380 38900 5720 4.1 3.196 0.049 0.10910 0.00110 -0.13 0.0958 0.0013 
 
1756 35 1784 18 98 
EG13-5 m6_5 Matrix grain 10650 34350 4730 3.2 3.297 0.050 0.10680 0.00110 -0.12 0.0892 0.0011 
 
1707 34 1746 19 98 
EG13-5 m6_6 Matrix grain 10990 37180 5011 3.4 3.252 0.048 0.10770 0.00110 0.01 0.0874 0.0011 
 
1729 35 1761 19 98 
EG13-5 m7_1 Garnet inclusion 10540 35100 4700 3.3 3.277 0.051 0.10750 0.00110 -0.03 0.0879 0.0011 
 
1716 34 1757 19 98 
EG13-5 m8_2 Cordierite inclusion 11500 33100 4480 2.9 3.271 0.055 0.10640 0.00110 0.05 0.0896 0.0015 
 
1719 34 1739 19 99 
EG13-5 m9_1 Matrix grain 7120 23300 3210 3.3 3.158 0.064 0.10670 0.00110 0.03 0.0947 0.0023 
 
1772 35 1744 19 102 
EG13-5 m9_2 Matrix grain 5450 27100 4364 5.0 2.798 0.077 0.12620 #### -0.86 0.1042 0.0027 
 







EG13-5 m9_3 Matrix grain 4004 37200 6730 9.3 2.445 0.044 0.14470 #### -0.32 0.1183 0.0016 
 
2208 44 2284 19 97 
EG13-5 m9_4 Matrix grain 6513 30510 4780 4.7 3.089 0.051 0.11450 #### -0.44 0.1012 0.0014 
 
1807 36 1872 19 97 
EG13-5 m9_5 Matrix grain 13380 38720 5351 2.9 3.263 0.047 0.10870 0.00110 -0.12 0.0889 0.0010 
 
1725 35 1778 18 97 
SW12-1A1-m1a_1 Matrix grain 2941 10860 1502 3.7 3.253 0.043 0.1072 0.0022 0.11 0.0902 0.0012 
 
1728 35 1752 38 99 
SW12-1A1-m1a_2 Matrix grain 2697 11910 1661 4.4 3.262 0.041 0.1065 0.0022 0.00 0.0901 0.0011 
 
1725 35 1740 38 99 
SW12-1A1-m1a_3 Matrix grain 2758 11730 1633 4.3 3.251 0.040 0.1073 0.0022 0.09 0.0901 0.0011 
 
1729 35 1754 38 99 
SW12-1A1-m1a_4 Matrix grain 3079 12560 1745 4.1 3.256 0.045 0.1066 0.0022 -0.07 0.0904 0.0012 
 
1726 35 1742 38 99 
SW12-1A1-m1b_1 Matrix grain 3110 11870 1657 3.8 3.237 0.042 0.1064 0.0022 0.03 0.0902 0.0012 
 
1735 35 1739 38 100 
SW12-1A1-m1b_2 Matrix grain 2097 12930 1798 6.2 3.216 0.043 0.1064 0.0022 -0.21 0.0905 0.0012 
 
1746 35 1739 38 100 
SW12-1A1-m1b_3 Matrix grain 2576 11980 1702 4.7 3.227 0.039 0.1069 0.0022 -0.04 0.0912 0.0011 
 
1740 35 1747 38 100 
SW12-1A1-m1b_4 Matrix grain 3528 12350 2063 3.5 2.599 0.036 0.1395 0.0030 -0.70 0.1088 0.0016 
 
2097 42 2221 37 94 
SW12-1A1-m1b_5 Matrix grain 3829 12190 1713 3.2 3.236 0.040 0.1065 0.0022 0.21 0.0913 0.0012 
 
1736 35 1740 38 100 
SW12-1A1-m1c_1 Matrix grain 3035 12440 1730 4.1 3.248 0.040 0.1067 0.0022 0.05 0.0896 0.0012 
 
1730 35 1744 38 99 
SW12-1A1-m1c_2 Matrix grain 2724 11860 1653 4.4 3.223 0.041 0.1068 0.0022 -0.04 0.0900 0.0012 
 
1742 35 1746 38 100 
SW12-1A1-m1c_3 Matrix grain 4210 11390 2289 2.7 2.144 0.029 0.1636 0.0033 0.08 0.1305 0.0018 
 
2469 49 2493 34 99 
SW12-1A1-m1c_4 Matrix grain 3320 10550 2142 3.2 2.142 0.027 0.1637 0.0033 0.03 0.1308 0.0017 
 
2469 49 2494 34 99 
SW12-1A1-m1c_5 Matrix grain 4220 11900 1661 2.8 3.238 0.041 0.1066 0.0022 -0.07 0.0907 0.0012 
 
1734 35 1742 38 100 
SW12-1A1-m1c_6 Matrix grain 3450 12550 1749 3.6 3.181 0.041 0.1067 0.0022 0.05 0.0897 0.0011 
 
1762 35 1744 38 101 
SW12-1A1-m1c_7 Matrix grain 1953 8070 1650 4.1 2.109 0.028 0.1648 0.0033 0.02 0.1325 0.0018 
 
2501 50 2506 34 100 
SW12-1A1-m1c_8 Matrix grain 4600 11870 1624 2.6 3.265 0.043 0.1051 0.0021 -0.08 0.0895 0.0012 
 
1724 34 1716 37 100 
SW12-1A1-m2_1 Matrix grain 6290 11890 1635 1.9 3.298 0.041 0.1049 0.0021 -0.13 0.0890 0.0011 
 
1709 34 1713 37 100 
SW12-1A1-m2_2 Matrix grain 4382 14630 2148 3.3 2.971 0.038 0.1187 0.0024 -0.08 0.0949 0.0013 
 
1870 37 1937 36 97 
SW12-1A1-m2_3 Matrix grain 6700 12820 1770 1.9 3.248 0.041 0.1051 0.0021 0.05 0.0896 0.0011 
 
1730 35 1716 37 101 
SW12-1A1-m2_4 Matrix grain 6610 12580 1741 1.9 3.284 0.041 0.1052 0.0021 0.11 0.0884 0.0011 
 
1713 34 1718 37 100 
SW12-1A1-m2_5 Matrix grain 6500 12100 1664 1.9 3.299 0.043 0.1049 0.0021 0.15 0.0882 0.0012 
 
1706 34 1713 37 100 
SW12-1A1-m2_6 Matrix grain 5640 12930 1757 2.3 3.210 0.044 0.1051 0.0021 -0.02 0.0877 0.0011 
 
1748 35 1716 37 102 
SW12-1A1-m2_8 Matrix grain 4470 13910 1950 3.1 3.223 0.044 0.1068 0.0021 -0.11 0.0906 0.0012 
 
1744 35 1746 36 100 
SW12-1A1-m2_9 Matrix grain 4470 13620 1900 3.0 3.209 0.041 0.1061 0.0021 0.14 0.0897 0.0011 
 
1748 35 1733 36 101 
SW12-1A1-m2_10 Matrix grain 5700 11610 1598 2.0 3.322 0.045 0.1053 0.0021 0.06 0.0901 0.0012 
 
1696 34 1720 37 99 
SW12-1A1-m3a_1 Matrix grain 2300 6320 947 2.7 3.305 0.068 0.1055 0.0022 0.03 0.0987 0.0029 
 
1707 34 1723 38 99 
SW12-1A1-m3a_2 Matrix grain 4310 15050 2096 3.5 3.262 0.043 0.1068 0.0022 -0.14 0.0898 0.0012 
 
1724 34 1746 38 99 
SW12-1A1-m3a_3 Matrix grain 4190 13890 1928 3.3 3.277 0.045 0.1070 0.0022 0.05 0.0890 0.0012 
 
1717 34 1749 38 98 
SW12-1A1-m3a_4 Matrix grain 3870 14670 2055 3.8 3.243 0.046 0.1067 0.0022 -0.08 0.0900 0.0013 
 
1732 35 1744 38 99 
SW12-1A1-m3a_5 Matrix grain 3596 14130 1983 3.9 3.240 0.044 0.1071 0.0022 0.17 0.0905 0.0012 
 
1733 35 1751 38 99 
SW12-1A1-m3a_6 Matrix grain 4920 12380 1716 2.5 3.321 0.048 0.1056 0.0021 -0.02 0.0898 0.0013 
 
1696 34 1725 37 98 
SW12-1A1-m3a_7 Matrix grain 3410 13520 1875 4.0 3.261 0.043 0.1069 0.0022 0.07 0.0890 0.0012 
 
1725 35 1747 38 99 
SW12-1A1-m3b_1 Matrix grain 3250 13930 2515 4.3 2.423 0.046 0.1460 0.0031 -0.65 0.1164 0.0019 
 
2225 45 2300 36 97 
SW12-1A1-m3b_2 Matrix grain 3826 13480 1904 3.5 3.249 0.048 0.1072 0.0022 0.00 0.0901 0.0013 
 
1729 35 1752 38 99 
SW12-1A1-m3b_3 Matrix grain 3950 12810 2057 3.2 2.710 0.038 0.1339 0.0028 -0.40 0.1038 0.0014 
 
2024 40 2150 37 94 
SW12-1A1-m3b_4 Matrix grain 4436 12980 2319 2.9 2.447 0.041 0.1483 0.0032 -0.69 0.1153 0.0021 
 
2207 44 2326 37 95 
SW12-1A1-m3b_5 Matrix grain 4040 13470 1882 3.3 3.237 0.042 0.1067 0.0022 -0.08 0.0901 0.0012 
 
1735 35 1744 38 99 
SW12-1A1-m3b_6 Matrix grain 3730 9710 1390 2.6 3.250 0.045 0.1067 0.0022 0.30 0.0937 0.0016 
 
1729 35 1744 38 99 
SW12-1A1-m4_1 Matrix grain 3940 12160 2127 3.1 2.581 0.042 0.1416 0.0031 -0.62 0.1105 0.0017 
 
2112 42 2247 38 94 
SW12-1A1-m4_2 Garnet inclusion 4550 14110 2430 3.1 2.598 0.053 0.1402 0.0033 -0.79 0.1102 0.0020 
 
2100 42 2230 41 94 
SW12-1A1-m4_3 Garnet inclusion 4030 13510 1887 3.4 3.258 0.046 0.1069 0.0022 0.21 0.0892 0.0012 
 
1725 35 1747 38 99 
SW12-1A1-m4_4 Garnet inclusion 4520 14100 1962 3.1 3.246 0.046 0.1073 0.0022 0.01 0.0893 0.0013 
 
1731 35 1754 38 99 
SW12-1A1-m4_5 Garnet inclusion 4510 13370 1867 3.0 3.249 0.044 0.1073 0.0022 -0.05 0.0895 0.0012 
 







SW12-1A1-m4_6 Garnet inclusion 4580 13760 1909 3.0 3.235 0.043 0.1071 0.0022 0.06 0.0891 0.0012 
 
1737 35 1751 38 99 
SW12-1A1-m4_7 Garnet inclusion 5010 13930 1945 2.8 3.238 0.045 0.1069 0.0022 -0.10 0.0891 0.0013 
 
1736 35 1747 38 99 
SW12-1A1-m5_1 Matrix grain 4930 13310 1829 2.7 3.235 0.049 0.1067 0.0022 0.21 0.0877 0.0013 
 
1736 35 1744 38 100 
SW12-1A1-m5_2 Matrix grain 6090 13120 1800 2.2 3.298 0.047 0.1054 0.0021 -0.01 0.0876 0.0013 
 
1708 34 1721 37 99 
SW12-1A1-m5_3 Matrix grain 5040 15100 2113 3.0 3.211 0.047 0.1074 0.0022 -0.08 0.0897 0.0013 
 
1749 35 1756 37 100 
SW12-1A1-m5_4 Matrix grain 5950 15060 2362 2.5 2.607 0.038 0.1375 0.0028 0.16 0.1002 0.0014 
 
2092 42 2196 35 95 
SW12-1A1-m5_5 Matrix grain 5160 15040 2080 2.9 3.232 0.050 0.1076 0.0022 0.00 0.0885 0.0013 
 
1739 35 1759 37 99 
SW12-1A1-m5_6 Matrix grain 4240 14450 2015 3.4 3.234 0.047 0.1069 0.0022 0.10 0.0893 0.0013 
 
1736 35 1747 38 99 
SW12-1A1-m5_7 Matrix grain 5367 14890 2268 2.8 2.734 0.048 0.1329 0.0033 -0.72 0.0980 0.0017 
 
2008 40 2137 43 94 
SW12-1A1-m5_8 Matrix grain 3970 15020 2088 3.8 3.227 0.046 0.1075 0.0022 -0.01 0.0889 0.0013 
 
1740 35 1757 37 99 
SW12-1A1-m5_9 Matrix grain 4630 14960 2076 3.2 3.212 0.043 0.1072 0.0022 0.01 0.0887 0.0012 
 
1747 35 1752 38 100 
SW12-1A2-m1_1 Matrix grain 6510 37800 4990 5.8 3.373 0.056 0.1085 0.0011 0.16 0.0851 0.0011 
 
1674 33 1774 19 94 
SW12-1A2-m1_2 Matrix grain 6340 34710 4695 5.5 3.300 0.055 0.1079 0.0011 0.14 0.0879 0.0011 
 
1706 34 1764 19 97 
SW12-1A2-m1_3 Matrix grain 6800 37100 5150 5.5 3.170 0.059 0.1078 0.0011 0.15 0.0910 0.0013 
 
1767 35 1763 19 100 
SW12-1A2-m1_4 Matrix grain 6530 35470 4744 5.4 3.304 0.056 0.1072 0.0011 0.04 0.0871 0.0011 
 
1704 34 1752 19 97 
SW12-1A2-m1_5 Matrix grain 7170 37520 5038 5.2 3.317 0.055 0.1072 0.0011 0.05 0.0867 0.0011 
 
1701 34 1752 19 97 
SW12-1A2-m1_6 Matrix grain 6940 38400 5120 5.5 3.306 0.055 0.1071 0.0011 0.14 0.0867 0.0011 
 
1705 34 1751 19 97 
SW12-1A2-m1_7 Matrix grain 7120 40300 5400 5.7 3.308 0.053 0.1073 0.0011 -0.13 0.0871 0.0010 
 
1703 34 1754 19 97 
SW12-1A2-m1_8 Matrix grain 6290 38400 5130 6.1 3.305 0.057 0.1071 0.0011 -0.09 0.0871 0.0011 
 
1704 34 1751 19 97 
SW12-1A2-m2_1 Matrix grain 5130 28400 3790 5.5 3.329 0.068 0.1081 0.0011 -0.09 0.0879 0.0016 
 
1692 34 1768 19 96 
SW12-1A2-m2_2 Matrix grain 8070 44900 5930 5.6 3.264 0.061 0.1071 0.0011 0.16 0.0855 0.0013 
 
1724 34 1751 19 98 
SW12-1A2-m2_3 Matrix grain 8450 43700 5830 5.2 3.330 0.059 0.1072 0.0011 0.01 0.0858 0.0012 
 
1692 34 1752 19 97 
SW12-1A2-m2_4 Matrix grain 8500 42930 5790 5.1 3.292 0.062 0.1064 0.0011 0.00 0.0866 0.0012 
 
1709 34 1739 19 98 
SW12-1A2-m2_5 Matrix grain 6960 43600 5940 6.3 3.264 0.061 0.1072 0.0011 -0.07 0.0878 0.0013 
 
1722 34 1752 19 98 
SW12-1A2-m2_6 Matrix grain 7130 44100 5940 6.2 3.297 0.060 0.1073 0.0011 -0.05 0.0866 0.0012 
 
1709 34 1754 19 97 
SW12-1A2-m2_7 Matrix grain 6790 44800 6060 6.6 3.263 0.060 0.1069 0.0011 0.02 0.0872 0.0013 
 
1723 34 1747 19 99 
SW12-1A2-m2_8 Matrix grain 8040 44700 5990 5.6 3.295 0.060 0.1073 0.0011 0.06 0.0865 0.0013 
 
1708 34 1754 19 97 
SW12-1A2-m2_9 Matrix grain 6510 32600 4300 5.0 3.352 0.065 0.1061 0.0011 -0.06 0.0847 0.0013 
 
1682 34 1733 19 97 
SW12-1A2-m2_10 Matrix grain 5530 24800 3300 4.5 3.391 0.070 0.1065 0.0011 0.03 0.0862 0.0016 
 
1667 33 1740 19 96 
SW12-1A2-m3_1 Garnet inclusion 6130 36670 5870 6.0 2.698 0.076 0.1363 0.0037 -0.88 0.1021 0.0024 
 
2028 41 2181 47 93 
SW12-1A2-m3_2 Garnet inclusion 5550 44400 6000 8.0 3.272 0.058 0.1074 0.0011 0.01 0.0874 0.0012 
 
1718 34 1756 19 98 
SW12-1A2-m3_3 Garnet inclusion 5020 42500 5880 8.5 3.161 0.058 0.1116 0.0014 -0.34 0.0893 0.0013 
 
1771 35 1826 23 97 
SW12-1A2-m3_4 Garnet inclusion 7220 43250 5770 6.0 3.310 0.061 0.1069 0.0011 0.16 0.0863 0.0013 
 
1703 34 1747 19 97 
SW12-1A2-m4_1 Sillimanite inclusion 7520 41800 7100 5.6 2.484 0.057 0.1458 0.0029 -0.77 0.1091 0.0022 
 
2179 44 2297 34 95 
SW12-1A2-m5_1 Garnet inclusion 6030 25570 3481 4.2 3.264 0.063 0.1074 0.0011 0.00 0.0874 0.0013 
 
1722 34 1756 19 98 
SW12-1A2-m5_2 Garnet inclusion 5380 27340 4202 5.1 2.800 0.082 0.1270 0.0033 -0.91 0.0999 0.0025 
 
1964 39 2057 46 95 
SW12-1A2-m5_3 Garnet inclusion 5920 25830 3488 4.4 3.236 0.058 0.1074 0.0011 0.10 0.0876 0.0012 
 
1737 35 1756 19 99 
SW12-1A2-m6_1 Matrix grain 5700 32450 4550 5.7 3.204 0.059 0.1125 0.0012 -0.02 0.0907 0.0013 
 
1752 35 1840 19 95 
SW12-1A2-m6_2 Matrix grain 5250 29200 5710 5.6 2.169 0.040 0.1621 0.0016 -0.07 0.1269 0.0019 
 
2443 49 2478 17 99 
SW12-1A2-m6_3 Matrix grain 6670 31650 4328 4.7 3.292 0.060 0.1074 0.0011 0.07 0.0884 0.0013 
 
1709 34 1756 19 97 
SW12-1A2-m6_4 Matrix grain 7320 34100 4660 4.7 3.255 0.061 0.1075 0.0011 0.26 0.0887 0.0013 
 
1726 35 1757 19 98 
SW12-1A2-m6_5 Matrix grain 5600 33750 4550 6.0 3.261 0.058 0.1067 0.0011 0.06 0.0877 0.0012 
 
1724 34 1744 19 99 
SW12-1A2-m6_6 Matrix grain 6050 33700 4560 5.6 3.261 0.058 0.1067 0.0011 0.05 0.0883 0.0012 
 
1724 34 1744 19 99 
SW12-1A2-m6_7 Matrix grain 7740 34710 4730 4.5 3.267 0.060 0.1076 0.0011 0.04 0.0888 0.0013 
 
1722 34 1759 19 98 
SW12-1A2-m6_8 Matrix grain 6940 26500 3610 3.8 3.284 0.070 0.1062 0.0011 -0.24 0.0909 0.0021 
 
1712 34 1735 19 99 
SW12-1A2-m6_9 Matrix grain 6200 26900 3630 4.3 3.320 0.072 0.1059 0.0011 -0.31 0.0892 0.0019 
 
1699 34 1730 19 98 
SW12-1A2-m7_1 Garnet inclusion 6550 27740 3742 4.2 3.251 0.060 0.1076 0.0011 -0.03 0.0875 0.0013 
 







SW12-1A2-m7_2 Garnet inclusion 6580 28020 3873 4.3 3.207 0.058 0.1098 0.0012 -0.05 0.0894 0.0013 
 
1749 35 1796 20 97 
SW12-1A2-m7_3 Garnet inclusion 5930 25560 3854 4.3 2.840 0.065 0.1261 0.0020 -0.74 0.0981 0.0019 
 
1943 39 2044 28 95 
SW12-1A2-m7_4 Garnet inclusion 6290 25890 4725 4.1 2.302 0.043 0.1554 0.0017 -0.41 0.1179 0.0018 
 
2325 47 2406 19 97 
SW12-1A2-m7_5 Garnet inclusion 4725 26610 5056 5.6 2.254 0.041 0.1555 0.0016 -0.07 0.1226 0.0017 
 
2366 47 2407 17 98 
SW12-1A2-m8_1 Matrix grain 10260 27100 3770 2.6 3.263 0.062 0.1069 0.0011 -0.46 0.0911 0.0021 
 
1723 34 1747 19 99 
SW12-1A2-m8_2 Matrix grain 11180 31200 4160 2.8 3.319 0.057 0.1056 0.0011 -0.05 0.0867 0.0011 
 
1697 34 1725 19 98 
SW12-1A2-m8_3 Matrix grain 6000 15600 2170 2.6 3.180 0.095 0.1123 0.0013 -0.31 0.1047 0.0057 
 
1761 35 1837 21 96 
SW12-1A2-m9_1 Garnet inclusion 5550 29130 3933 5.2 3.268 0.059 0.1069 0.0011 -0.24 0.0875 0.0013 
 
1721 34 1747 19 98 
SW12-1A2-m9_2 Garnet inclusion 5460 28420 3880 5.2 3.216 0.060 0.1075 0.0011 0.14 0.0884 0.0012 
 
1746 35 1757 19 99 
SW12-1A2-m9_3 Garnet inclusion 6850 30490 4184 4.5 3.230 0.060 0.1074 0.0011 0.06 0.0891 0.0013 
 
1738 35 1756 19 99 
SW12-1A2-m9_4 Garnet inclusion 5150 29700 4102 5.8 3.205 0.058 0.1074 0.0011 0.03 0.0897 0.0013 
 
1750 35 1756 19 100 
SW12-1A2-m10_1 Garnet inclusion 5840 34100 6550 5.8 2.233 0.040 0.1600 0.0016 -0.02 0.1249 0.0018 
 
2385 48 2456 17 97 
SW12-1A2-m10_2 Garnet inclusion 5240 35840 7000 6.8 2.160 0.040 0.1625 0.0016 -0.01 0.1264 0.0019 
 
2453 49 2482 17 99 
SW12-1A2-m10_3 Garnet inclusion 4650 32300 6310 6.9 2.186 0.041 0.1602 0.0016 0.02 0.1267 0.0019 
 
2428 49 2458 17 99 
SW12-1A2-m10_4 Garnet inclusion 3900 28270 5370 7.2 2.175 0.041 0.1606 0.0017 -0.31 0.1238 0.0019 
 
2437 49 2462 18 99 
SW12-1A2-m11_1 Sillimanite inclusion 8930 26970 3638 3.0 3.338 0.060 0.1057 0.0011 0.09 0.0873 0.0012 
 
1689 34 1727 19 98 
SW12-1A2-m11_2 Sillimanite inclusion 6234 29000 3951 4.7 3.266 0.060 0.1067 0.0011 0.32 0.0882 0.0013 
 
1721 34 1744 19 99 
SW12-1A2-m11_3 Sillimanite inclusion 7380 26840 3683 3.6 3.295 0.061 0.1061 0.0011 -0.14 0.0882 0.0013 
 
1710 34 1733 19 99 
SW12-1A2-m12_1 Sillimanite inclusion 5260 31430 4250 6.0 3.285 0.063 0.1063 0.0011 0.08 0.0875 0.0014 
 
1712 34 1737 19 99 
SW12-1A2-m12_2 Sillimanite inclusion 4830 27630 4220 5.7 2.884 0.054 0.1267 0.0015 -0.31 0.0980 0.0015 
 
1918 38 2053 21 93 
SW12-1A2-m12_3 Sillimanite inclusion 6730 22600 3110 3.4 3.296 0.064 0.1072 0.0011 -0.21 0.0900 0.0017 
 
1707 34 1752 19 97 
SW12-1A2-m12_4 Sillimanite inclusion 4620 27460 3780 5.9 3.257 0.058 0.1076 0.0011 -0.17 0.0886 0.0012 
 
1725 35 1759 19 98 
SW12-1A2-m12_5 Sillimanite inclusion 4600 27770 3820 6.0 3.269 0.057 0.1075 0.0011 -0.06 0.0885 0.0012 
 
1720 34 1757 19 98 
SW12-1A2-m12_6 Sillimanite inclusion 5230 31100 4210 5.9 3.283 0.059 0.1068 0.0011 -0.03 0.0876 0.0012 
 
1714 34 1746 19 98 
SW12-2C1-m1_1 Sillimanite inclusion 5730 27460 4680 4.8 2.701 0.049 0.1347 0.0021 -0.61 0.1099 0.0013 
 
2030 41 2160 27 94 
SW12-2C1-m1_2 Sillimanite inclusion 5810 24600 4290 4.2 2.533 0.046 0.1441 0.0022 -0.39 0.1128 0.0013 
 
2144 43 2276 26 94 
SW12-2C1-m1_3 Sillimanite inclusion 1896 29820 5990 15.7 2.087 0.036 0.1653 0.0025 0.16 0.1308 0.0012 
 
2523 50 2511 26 100 
SW12-2C1-m1_4 Sillimanite inclusion 7490 28640 4568 3.8 2.748 0.047 0.1350 0.0021 -0.32 0.1037 0.0011 
 
2000 40 2164 27 92 
SW12-2C1-m2_1 Matrix grain 6510 21400 2990 3.3 3.282 0.073 0.1058 0.0016 0.18 0.0960 0.0029 
 
1714 34 1728 28 99 
SW12-2C1-m2_2 Matrix grain 6410 21600 3070 3.4 3.190 0.075 0.1061 0.0016 0.21 0.1024 0.0039 
 
1756 35 1734 28 101 
SW12-2C1-m2_3 Matrix grain 6840 31000 5090 4.5 2.696 0.047 0.1324 0.0021 -0.34 0.1076 0.0014 
 
2033 41 2130 28 95 
SW12-2C1-m2_4 Matrix grain 6360 31400 5530 4.9 2.521 0.051 0.1427 0.0027 -0.73 0.1143 0.0016 
 
2155 43 2260 33 95 
SW12-2C1-m2_5 Matrix grain 7030 36720 7120 5.2 2.197 0.037 0.1623 0.0024 0.00 0.1257 0.0013 
 
2419 48 2479 25 98 
SW12-2C1-m2_6 Matrix grain 7630 35050 6840 4.6 2.208 0.037 0.1620 0.0024 -0.05 0.1267 0.0012 
 
2408 48 2476 25 97 
SW12-2C1-m3_1 Garnet inclusion 6110 25000 3810 4.1 2.997 0.052 0.1251 0.0019 -0.12 0.1002 0.0012 
 
1857 37 2030 27 91 
SW12-2C1-m3_2 Garnet inclusion 3894 29960 5920 7.7 2.170 0.037 0.1643 0.0025 -0.23 0.1279 0.0013 
 
2442 49 2500 25 98 
SW12-2C1-m3_3 Garnet inclusion 6900 31360 5490 4.5 2.550 0.054 0.1449 0.0030 -0.83 0.1126 0.0016 
 
2131 43 2287 36 93 
SW12-2C1-m3_4 Garnet inclusion 7240 31920 4430 4.4 3.270 0.054 0.1096 0.0017 0.02 0.0897 0.0008 
 
1720 34 1792 28 96 
SW12-2C1-m3_5 Garnet inclusion 5010 27860 5130 5.6 2.416 0.045 0.1482 0.0023 -0.62 0.1201 0.0013 
 
2232 45 2326 27 96 
SW12-2C1-m4_1 Matrix grain 6980 32110 6190 4.6 2.237 0.039 0.1637 0.0025 -0.03 0.1253 0.0014 
 
2381 48 2494 25 95 
SW12-2C1-m4_2 Matrix grain 8410 34270 6710 4.1 2.231 0.039 0.1646 0.0025 -0.07 0.1261 0.0014 
 
2390 48 2503 25 95 
SW12-2C1-m4_3 Matrix grain 7000 29700 5480 4.2 2.423 0.044 0.1530 0.0024 -0.45 0.1193 0.0012 
 
2228 45 2379 27 94 
SW12-2C1-m4_4 Matrix grain 7230 31210 6080 4.3 2.235 0.038 0.1644 0.0025 -0.03 0.1262 0.0013 
 
2385 48 2502 25 95 
SW12-2C1-m4_5 Matrix grain 3110 26300 5260 8.5 2.090 0.038 0.1661 0.0025 0.14 0.1307 0.0015 
 
2520 50 2518 25 100 
SW12-2C1-m4_6 Matrix grain 5800 27600 5450 4.8 2.202 0.039 0.1648 0.0025 0.09 0.1281 0.0014 
 
2413 48 2506 25 96 
SW12-2C1-m5_1 Matrix grain 8340 33390 4614 4.0 3.266 0.057 0.1089 0.0016 -0.04 0.0897 0.0010 
 
1721 34 1782 28 97 
SW12-2C1-m5_2 Matrix grain 8700 33840 5081 3.9 3.003 0.081 0.1223 0.0035 -0.90 0.0966 0.0021 
 







SW12-2C1-m5_3 Matrix grain 8500 31800 4400 3.7 3.256 0.056 0.1089 0.0016 -0.11 0.0900 0.0010 
 
1728 35 1781 28 97 
SW12-2C1-m5_4 Matrix grain 8430 30180 4249 3.6 3.209 0.059 0.1114 0.0018 -0.44 0.0908 0.0010 
 
1748 35 1822 29 96 
SW12-2C1-m5_5 Matrix grain 8220 30740 4774 3.7 2.836 0.083 0.1274 0.0038 -0.91 0.1016 0.0025 
 
1947 39 2062 53 94 
SW12-2C1-m5_6 Matrix grain 8750 31070 4330 3.6 3.238 0.054 0.1084 0.0016 0.01 0.0908 0.0008 
 
1735 35 1773 28 98 
SW12-2C1-m6_1 Sillimanite inclusion 2596 41500 8010 16.0 2.173 0.041 0.1612 0.0024 -0.04 0.1260 0.0014 
 
2439 49 2468 26 99 
SW12-2C1-m6_2 Sillimanite inclusion 2134 40000 7970 18.7 2.119 0.037 0.1633 0.0025 -0.08 0.1287 0.0014 
 
2495 50 2490 26 100 
SW12-2C1-m6_3 Sillimanite inclusion 2742 26190 5456 9.6 2.089 0.040 0.1658 0.0025 -0.08 0.1359 0.0017 
 
2522 50 2515 26 100 
SW12-2C1-m6_4 Sillimanite inclusion 5240 29600 5940 5.6 2.210 0.041 0.1614 0.0025 -0.19 0.1310 0.0015 
 
2405 48 2470 26 97 
SW12-2C1-m7_1 Matrix grain 7800 30940 4185 4.0 3.250 0.060 0.1076 0.0016 0.27 0.0882 0.0011 
 
1729 35 1758 28 98 
SW12-2C1-m7_2 Matrix grain 7800 30810 4178 4.0 3.256 0.058 0.1076 0.0016 -0.05 0.0883 0.0010 
 
1726 35 1758 28 98 
SW12-2C1-m7_3 Matrix grain 7120 28650 4527 4.0 2.710 0.084 0.1306 0.0039 -0.93 0.1046 0.0027 
 
2017 40 2106 53 96 
SW12-2C1-m7_4 Matrix grain 7480 32650 6210 4.4 2.246 0.040 0.1580 0.0024 -0.32 0.1243 0.0014 
 
2373 47 2435 26 97 
SW12-2C1-m7_5 Matrix grain 8260 30730 4182 3.7 3.266 0.059 0.1070 0.0016 -0.21 0.0878 0.0009 
 
1721 34 1749 28 98 
SW12-2C1-m7_6 Matrix grain 8960 30130 4180 3.4 3.236 0.060 0.1090 0.0017 -0.17 0.0897 0.0011 
 
1735 35 1783 28 97 
SW12-2C1-m8_1 Matrix grain 10330 29920 4042 2.9 3.292 0.057 0.1062 0.0016 0.14 0.0877 0.0009 
 
1710 34 1736 28 99 
SW12-2C1-m8_2 Matrix grain 8990 30450 4185 3.4 3.270 0.059 0.1069 0.0016 -0.01 0.0882 0.0010 
 
1720 34 1746 28 98 
SW12-2C1-m8_3 Matrix grain 9540 29450 4065 3.1 3.278 0.059 0.1064 0.0016 0.05 0.0885 0.0010 
 
1716 34 1739 28 99 
SW12-2C1-m8_4 Matrix grain 10040 27480 3755 2.7 3.303 0.059 0.1062 0.0016 -0.06 0.0883 0.0009 
 
1705 34 1734 28 98 
SW12-2C1-m8_5 Matrix grain 8880 29570 4098 3.3 3.252 0.056 0.1069 0.0016 -0.11 0.0890 0.0009 
 
1730 35 1747 28 99 
SW12-2C1-m8_6 Matrix grain 8900 30890 4232 3.5 3.274 0.059 0.1071 0.0016 -0.02 0.0875 0.0010 
 
1717 34 1750 28 98 
SW12-2C1-m8_7 Matrix grain 8940 29340 4035 3.3 3.236 0.057 0.1069 0.0016 -0.06 0.0887 0.0009 
 
1737 35 1747 28 99 
SW12-2C1-m8_8 Matrix grain 8930 29160 4050 3.3 3.219 0.056 0.1068 0.0016 0.03 0.0890 0.0009 
 
1743 35 1746 28 100 
SW12-2C1-m8_9 Matrix grain 9810 28810 3909 2.9 3.275 0.058 0.1065 0.0016 -0.03 0.0879 0.0009 
 
1717 34 1739 28 99 
SW12-2C2-m1_1 Matrix grain 8440 26960 4360 3.2 2.726 0.053 0.1337 0.0020 -0.72 0.1036 0.0024 
 
2018 40 2147 26 94 
SW12-2C2-m1_2 Matrix grain 9840 26670 4383 2.7 2.628 0.045 0.1383 0.0015 -0.40 0.1061 0.0023 
 
2079 42 2206 19 94 
SW12-2C2-m1_3 Matrix grain 9810 27360 4000 2.8 3.032 0.064 0.1176 0.0024 -0.81 0.0941 0.0022 
 
1836 37 1920 37 96 
SW12-2C2-m1_4 Matrix grain 10060 26300 3570 3.2 3.294 0.059 0.1062 0.0011 -0.11 0.0885 0.0020 
 
1709 34 1735 19 98 
SW12-2C2-m1_5 Matrix grain 9410 28630 4040 2.7 3.206 0.055 0.1074 0.0011 -0.02 0.0900 0.0020 
 
1751 35 1756 19 100 
SW12-2C2-m1_6 Matrix grain 8890 27150 3733 2.8 3.225 0.054 0.1068 0.0011 0.02 0.0893 0.0019 
 
1742 35 1746 19 100 
SW12-2C2-m2_1 Matrix grain 4250 22350 4747 2.6 2.091 0.037 0.1647 0.0017 0.16 0.1358 0.0030 
 
2521 50 2504 17 101 
SW12-2C2-m2_2 Matrix grain 10460 33050 4701 3.0 3.216 0.056 0.1079 0.0011 0.12 0.0921 0.0020 
 
1745 35 1764 19 99 
SW12-2C2-m2_3 Matrix grain 10290 33510 6080 3.1 2.467 0.043 0.1467 0.0015 -0.38 0.1189 0.0026 
 
2193 44 2308 18 95 
SW12-2C2-m2_4 Matrix grain 6990 27470 5829 5.3 2.145 0.037 0.1627 0.0016 0.04 0.1361 0.0029 
 
2467 49 2484 17 99 
SW12-2C2-m2_5 Matrix grain 9120 32710 6560 3.2 2.207 0.037 0.1613 0.0016 -0.11 0.1293 0.0027 
 
2412 48 2469 17 98 
SW12-2C2-m2_6 Matrix grain 11420 31170 4430 3.3 3.232 0.055 0.1071 0.0011 0.08 0.0920 0.0020 
 
1738 35 1751 19 99 
SW12-2C2-m2_7 Matrix grain 9780 31900 4887 3.9 2.984 0.063 0.1196 0.0021 -0.80 0.0998 0.0024 
 
1862 37 1950 31 95 
SW12-2C2-m2_8 Matrix grain 6449 25480 5134 3.6 2.188 0.037 0.1621 0.0017 -0.16 0.1299 0.0028 
 
2426 49 2478 18 98 
SW12-2C2-m2_9 Matrix grain 7420 32140 6610 2.7 2.137 0.037 0.1662 0.0017 -0.15 0.1328 0.0029 
 
2474 49 2520 17 98 
SW12-2C2-m2_10 Matrix grain 9670 34060 6340 3.3 2.391 0.042 0.1516 0.0016 -0.32 0.1213 0.0027 
 
2252 45 2364 18 95 
SW12-2C2-m3_1 Garnet inclusion 6570 28010 4535 4.0 2.651 0.047 0.1361 0.0015 -0.72 0.1048 0.0023 
 
2062 41 2178 19 95 
SW12-2C2-m3_2 Garnet inclusion 6880 27210 3771 4.3 3.156 0.053 0.1078 0.0011 -0.21 0.0907 0.0020 
 
1774 35 1763 19 101 
SW12-2C2-m3_3 Garnet inclusion 6310 26550 4668 3.5 2.446 0.042 0.1469 0.0016 -0.50 0.1117 0.0024 
 
2210 44 2310 19 96 
SW12-2C2-m3_4 Garnet inclusion 7470 28140 3857 4.3 3.215 0.053 0.1078 0.0011 -0.18 0.0887 0.0019 
 
1745 35 1763 19 99 
SW12-2C2-m3_5 Garnet inclusion 5300 24610 4870 4.0 2.145 0.039 0.1584 0.0016 -0.57 0.1282 0.0029 
 
2465 49 2439 17 101 
SW12-2C2-m3_6 Garnet inclusion 5019 24010 4529 4.2 2.309 0.039 0.1514 0.0015 -0.07 0.1222 0.0026 
 
2319 46 2362 17 98 
SW12-2C2-m4_1 Matrix grain 7740 35500 5660 3.8 2.987 0.058 0.1200 0.0018 -0.64 0.1017 0.0024 
 
1861 37 1956 27 95 
SW12-2C2-m4_2 Matrix grain 6410 30240 5790 4.6 2.357 0.062 0.1512 0.0029 -0.88 0.1217 0.0032 
 







SW12-2C2-m4_3 Matrix grain 6790 28900 5700 4.8 2.211 0.041 0.1597 0.0016 -0.15 0.1269 0.0029 
 
2404 48 2452 17 98 
SW12-2C2-m4_4 Matrix grain 7550 31490 4550 4.6 3.101 0.056 0.1112 0.0011 -0.13 0.0937 0.0021 
 
1801 36 1819 18 99 
SW12-2C2-m4_5 Matrix grain 6380 32320 6160 4.7 2.321 0.045 0.1541 0.0018 -0.59 0.1235 0.0028 
 
2308 46 2392 20 96 
SW12-2C2-m4_6 Matrix grain 2780 30990 6260 4.3 2.159 0.039 0.1570 0.0016 -0.14 0.1303 0.0029 
 
2452 49 2424 17 101 
SW12-2C2-m5_1 Sillimanite inclusion 7790 37350 7450 4.2 2.153 0.041 0.1625 0.0016 0.05 0.1305 0.0031 
 
2461 49 2482 17 99 
SW12-2C2-m5_2 Sillimanite inclusion 5420 39500 8040 5.1 2.182 0.046 0.1617 0.0017 -0.39 0.1295 0.0030 
 
2430 49 2474 18 98 
SW12-2C2-m5_3 Sillimanite inclusion 3520 39010 7920 11.1 2.096 0.039 0.1630 0.0017 -0.01 0.1301 0.0030 
 
2514 50 2487 18 101 
SW12-2C2-m5_4 Sillimanite inclusion 4590 38370 7780 4.8 2.189 0.043 0.1633 0.0017 -0.29 0.1306 0.0030 
 
2424 48 2490 18 97 
SW12-2C2-m5_5 Sillimanite inclusion 2731 36480 7513 7.3 2.103 0.039 0.1639 0.0017 0.07 0.1320 0.0029 
 
2511 50 2496 17 101 
SW12-2C2-m5_6 Sillimanite inclusion 8720 39360 7350 11.1 2.401 0.045 0.1517 0.0016 -0.32 0.1189 0.0027 
 
2243 45 2365 18 95 
SW13-4 m1_1 Cordierite inclusion 9270 29590 4056 3.2 3.388 0.056 0.1067 0.0011 -0.11 0.0884 0.0011 
 
1667 33 1744 19 96 
SW13-4 m1_2 Cordierite inclusion 9900 31470 4300 3.2 3.369 0.057 0.1065 0.0011 0.23 0.0880 0.0012 
 
1675 34 1740 19 96 
SW13-4 m1_3 Cordierite inclusion 6040 20910 2990 3.5 3.394 0.059 0.1062 0.0011 0.11 0.0926 0.0013 
 
1664 33 1735 19 96 
SW13-4 m1_4 Cordierite inclusion 7300 35410 4874 4.9 3.334 0.056 0.1074 0.0011 -0.01 0.0887 0.0012 
 
1692 34 1756 19 96 
SW13-4 m1_5 Cordierite inclusion 7050 34630 4833 4.9 3.300 0.057 0.1079 0.0011 0.10 0.0902 0.0012 
 
1706 34 1764 19 97 
SW13-4 m1_6 Cordierite inclusion 7710 36250 5021 4.7 3.306 0.055 0.1080 0.0011 0.06 0.0898 0.0012 
 
1705 34 1766 19 97 
SW13-4 m1_7 Cordierite inclusion 6600 34530 4830 5.2 3.278 0.056 0.1087 0.0012 -0.32 0.0907 0.0012 
 
1716 34 1778 20 97 
SW13-4 m1_8 Cordierite inclusion 6760 35100 4860 5.2 3.300 0.055 0.1084 0.0011 0.04 0.0894 0.0012 
 
1706 34 1773 19 96 
SW13-4 m1_9 Cordierite inclusion 6980 31250 4360 4.5 3.322 0.055 0.1075 0.0011 0.02 0.0897 0.0012 
 
1697 34 1757 19 97 
SW13-4 m2_1 Cordierite inclusion 4330 24170 3963 5.6 2.915 0.052 0.1234 0.0013 -0.55 0.1056 0.0015 
 
1902 38 2006 19 95 
SW13-4 m2_2 Cordierite inclusion 3206 26220 4940 8.2 2.391 0.043 0.1500 0.0016 -0.33 0.1212 0.0016 
 
2253 45 2346 18 96 
SW13-4 m2_3 Cordierite inclusion 3216 27810 5470 8.6 2.202 0.037 0.1617 0.0016 0.03 0.1272 0.0017 
 
2413 48 2474 17 98 
SW13-4 m2_4 Cordierite inclusion 5250 30100 5890 5.7 2.222 0.038 0.1623 0.0016 -0.14 0.1265 0.0017 
 
2395 48 2480 17 97 
SW13-4 m2_5 Cordierite inclusion 7540 29790 5680 4.0 2.288 0.039 0.1590 0.0016 -0.54 0.1232 0.0017 
 
2337 47 2445 17 96 
SW13-4 m2_6 Cordierite inclusion 7420 26630 4357 3.6 2.768 0.047 0.1353 0.0014 0.00 0.1058 0.0014 
 
1989 40 2168 18 92 
SW13-4 m2_7 Cordierite inclusion 2876 27040 5380 9.4 2.159 0.038 0.1630 0.0017 -0.03 0.1279 0.0018 
 
2455 49 2487 18 99 
SW13-4 m3_1 Matrix grain 10350 27210 3657 2.6 3.412 0.060 0.1060 0.0011 -0.13 0.0861 0.0012 
 
1657 33 1732 19 96 
SW13-4 m3_2 Matrix grain 10450 31090 4212 3.0 3.342 0.057 0.1062 0.0011 -0.02 0.0875 0.0012 
 
1687 34 1735 19 97 
SW13-4 m3_3 Matrix grain 8630 30560 4850 3.5 3.017 0.074 0.1228 0.0027 -0.92 0.1007 0.0017 
 
1847 37 1997 39 92 
SW13-4 m3_4 Matrix grain 3666 25870 5088 7.1 2.164 0.037 0.1629 0.0017 -0.08 0.1275 0.0016 
 
2448 49 2486 18 98 
SW13-4 m3_5 Matrix grain 5910 30900 5860 5.2 2.245 0.043 0.1576 0.0017 -0.54 0.1234 0.0019 
 
2373 47 2430 18 98 
SW13-4 m3_6 Matrix grain 6820 32030 6080 4.7 2.277 0.040 0.1573 0.0016 -0.35 0.1229 0.0017 
 
2347 47 2427 17 97 
SW13-4 m3_7 Matrix grain 8660 31870 4364 3.7 3.223 0.054 0.1102 0.0011 -0.17 0.0891 0.0012 
 
1742 35 1803 18 97 
SW13-4 m3_8 Matrix grain 5410 30900 6050 5.7 2.163 0.037 0.1623 0.0016 0.09 0.1266 0.0017 
 
2449 49 2480 17 99 
SW13-4 m3_9 Matrix grain 7950 34700 5400 4.4 2.825 0.058 0.1299 0.0021 -0.77 0.1023 0.0020 
 
1957 39 2097 28 93 
SW13-4 m4_1 Garnet inclusion 6500 29800 4360 4.6 2.903 0.051 0.1281 0.0014 -0.41 0.0953 0.0015 
 
1909 38 2072 19 92 
SW13-4 m4_2 Garnet inclusion 4920 23700 3280 4.8 3.204 0.058 0.1120 0.0013 -0.21 0.0907 0.0014 
 
1750 35 1832 21 96 
SW13-4 m4_4 Garnet inclusion 4990 21100 3050 4.2 3.209 0.057 0.1109 0.0014 -0.41 0.0936 0.0015 
 
1748 35 1814 23 96 
SW13-4 m4_5 Garnet inclusion 6160 30860 4467 5.0 2.988 0.051 0.1199 0.0014 -0.45 0.0938 0.0012 
 
1861 37 1955 21 95 
SW13-4 m5_1 Cordierite inclusion 7310 31550 4339 4.3 3.241 0.057 0.1078 0.0011 -0.06 0.0893 0.0013 
 
1734 35 1763 19 98 
SW13-4 m5_2 Cordierite inclusion 7590 33410 4603 4.4 3.236 0.056 0.1076 0.0011 0.13 0.0890 0.0013 
 
1737 35 1759 19 99 
SW13-4 m5_3 Cordierite inclusion 7600 30670 4200 4.0 3.248 0.056 0.1070 0.0011 -0.22 0.0888 0.0012 
 
1730 35 1749 19 99 
SW13-4 m5_4 Cordierite inclusion 7440 29650 4701 4.0 2.714 0.046 0.1344 0.0014 -0.19 0.1031 0.0013 
 
2021 40 2156 18 94 
SW13-4 m5_5 Cordierite inclusion 2254 20030 4099 8.9 2.119 0.039 0.1625 0.0017 0.05 0.1311 0.0020 
 
2491 50 2482 18 100 
SW13-4 m5_6 Cordierite inclusion 6410 31080 4444 4.8 3.149 0.053 0.1137 0.0012 -0.04 0.0922 0.0012 
 
1778 36 1859 19 96 
SW13-4 m5_7 Cordierite inclusion 6520 30270 4441 4.6 2.993 0.055 0.1195 0.0014 -0.36 0.0951 0.0015 
 
1861 37 1949 21 95 
SW13-4 m5_8 Cordierite inclusion 6630 28200 3950 4.3 3.185 0.059 0.1076 0.0011 -0.01 0.0913 0.0015 
 







SW13-4 m5_9 Cordierite inclusion 7890 32590 4495 4.1 3.233 0.056 0.1074 0.0011 -0.02 0.0895 0.0013 
 
1738 35 1756 19 99 
SW13-4 m6_1 Garnet inclusion 6660 28360 5500 4.3 2.249 0.040 0.1614 0.0016 -0.03 0.1259 0.0020 
 
2371 47 2470 17 96 
SW13-4 m6_2 Garnet inclusion 7290 33130 5530 4.5 2.544 0.045 0.1436 0.0015 -0.23 0.1077 0.0015 
 
2138 43 2271 18 94 
SW13-4 m6_3 Garnet inclusion 6662 26030 4858 3.9 2.311 0.041 0.1570 0.0017 -0.13 0.1203 0.0018 
 
2317 46 2424 18 96 
SW13-4 m7_1 Garnet inclusion 6100 29810 5490 4.9 2.344 0.044 0.1541 0.0016 -0.34 0.1199 0.0021 
 
2296 46 2392 18 96 
SW13-4 m7_2 Garnet inclusion 5570 31300 5960 5.6 2.259 0.042 0.1562 0.0016 -0.44 0.1224 0.0020 
 
2362 47 2415 17 98 
SW13-4 m7_3 Garnet inclusion 7580 32760 5730 4.3 2.398 0.042 0.1492 0.0016 -0.19 0.1136 0.0016 
 
2247 45 2337 18 96 
SW13-4 m7_4 Garnet inclusion 6260 34300 5402 5.5 2.762 0.056 0.1306 0.0020 -0.68 0.1027 0.0018 
 
1995 40 2106 27 95 
SW13-4 m8_1 Cordierite inclusion 10180 32660 4450 3.2 3.317 0.059 0.1062 0.0011 -0.15 0.0881 0.0013 
 
1698 34 1735 19 98 
SW13-4 m8_2 Cordierite inclusion 9260 37300 5090 4.0 3.293 0.061 0.1068 0.0011 -0.25 0.0875 0.0013 
 
1709 34 1746 19 98 
SW13-4 m8_3 Cordierite inclusion 7830 40400 5590 5.2 3.208 0.055 0.1079 0.0011 -0.04 0.0895 0.0012 
 
1749 35 1764 19 99 
SW13-4 m8_4 Cordierite inclusion 7750 42200 5870 3.2 3.183 0.056 0.1077 0.0011 -0.03 0.0900 0.0013 
 
1761 35 1761 19 100 
SW13-4 m8_5 Cordierite inclusion 7720 32700 4790 4.0 2.960 0.075 0.1143 0.0013 0.27 0.1030 0.0048 
 
1874 37 1869 21 100 
SW13-4 m8_6 Cordierite inclusion 7700 39600 5570 5.2 3.134 0.057 0.1126 0.0013 -0.44 0.0913 0.0014 
 
1785 36 1842 21 97 
SW13-4 m8_7 Cordierite inclusion 9630 34830 4845 5.4 3.197 0.060 0.1095 0.0013 -0.39 0.0905 0.0015 
 
1754 35 1791 22 98 
SW13-4 m8_8 Cordierite inclusion 7730 31700 4510 4.2 3.111 0.067 0.1068 0.0011 0.39 0.0975 0.0034 
 











                   






Y + REE concentration (ppm) 
  
±2σ La Ce Pr Nd Sm Eu Gd  Tb Dy Ho Er Tm Yb Lu Y LuN/DyN EuN/EuN* 
SC13-4 m1_1 1747 28 51200 131000 18700 90300 15630 902 10140 684 1860 235 311 19 57 4 8640 0.0211 0.22 
SC13-4 m1_2 1761 29 69400 150600 20800 97300 16200 726 9770 705 1930 238 337 21 60 5 8790 0.0233 0.18 
SC13-4 m1_3 1766 29 50000 128000 18200 89000 14300 630 8000 600 1630 197 274 16 52 4 7800 0.0223 0.18 
SC13-4 m1_4 1774 28 53000 125000 17400 83000 14000 720 8700 610 1780 221 292 17 52 4 8000 0.0213 0.20 
SC13-4 m1_5 1776 28 47000 111000 14900 74000 12200 599 7900 560 1490 192 250 16 48 3 7000 0.0219 0.19 
SC13-4 m1_6 1759 28 58700 143000 21900 102300 16800 834 11390 834 2280 274 373 23 67 5 10050 0.0233 0.18 
SC13-4 m1_7 1760 28 65000 155000 21300 98200 17190 827 11190 779 2180 286 371 24 69 5 10200 0.0237 0.18 
SC13-4 m1_8 1769 29 61900 143000 19300 90900 15250 761 10030 719 1950 238 315 20 62 4 9310 0.0211 0.19 
SC13-4 m1_9 1766 29 39200 104000 15200 73200 12900 710 7600 554 1520 177 236 15 43 4 7280 0.0227 0.22 
SC13-4 m2_1 1734 30 41600 91000 12900 63200 8230 418 4770 344 1000 139 192 11 39 3 5210 0.0284 0.20 
SC13-4 m2_2 1743 29 47200 102000 13700 59100 8500 463 4870 338 970 133 190 11 34 3 5350 0.0300 0.22 
SC13-4 m3_1 1740 29 44400 106900 15100 67600 11880 703 6300 432 1188 144 209 13 42 3 5460 0.0226 0.25 
SC13-4 m3_2 1731 29 51100 125000 17600 86700 12380 715 6820 472 1320 162 224 15 40 3 6710 0.0230 0.24 
SC13-4 m3_3 1737 29 47900 120000 16600 76300 12500 723 6720 486 1310 166 253 14 44 3 7000 0.0259 0.24 
SC13-4 m3_4 1738 29 47200 120600 16600 76000 12000 626 6430 456 1300 171 228 14 39 3 6520 0.0238 0.22 
SC13-4 m4_1 1733 29 61000 145000 20300 93000 12800 680 5550 240 398 36 56 2 8 1 1600 0.0131 0.25 
SC13-4 m4_2 1731 29 68800 149000 20500 94700 12930 685 6490 300 552 43 60 2 6 0 1540 0.0081 0.23 
SC13-4 m4_3 1729 28 64800 159000 21000 92600 13500 748 6400 314 554 43 64 2 8 0 1730 0.0067 0.25 
SC13-4 m4_4 1723 29 67000 153000 21600 93600 14000 714 6130 287 511 39 60 2 7 0 1460 0.0059 0.24 
SC13-4 m5_1 1744 29 65500 146000 18900 85800 11600 606 6380 386 930 116 168 11 27 2 4730 0.0263 0.22 
SC13-4 m5_2 1739 29 48000 105000 14000 63000 9400 520 4900 283 630 66 94 6 16 1 2970 0.0230 0.23 
SC13-4 m5_3 1745 29 60400 129000 17800 82000 11000 564 6050 381 948 116 176 11 31 3 4520 0.0270 0.21 
SC13-4 m5_4 1739 28 62600 140000 19400 92000 12430 631 6950 409 937 105 162 10 31 2 4100 0.0259 0.21 
SC13-4 m5_5 1743 29 61700 130100 16400 71800 9360 521 5740 377 923 108 162 11 32 3 4450 0.0286 0.22 
SC13-4 m5_6 1743 29 61600 131000 18400 82700 11300 575 6340 372 917 115 165 10 32 3 4270 0.0279 0.21 
SC13-4 m5_7 1743 29 63500 140000 18700 87000 12400 651 6720 397 943 112 147 9 29 2 3940 0.0251 0.22 
SC13-6 m1_1 1767 37 62300 153000 18700 79800 16000 685 11130 629 919 59 53 2 7 1 2270 0.0060 0.16 
SC13-6 m1_2 1772 37 67500 154000 19400 84300 16400 833 11540 658 997 54 48 2 7 1 2470 0.0059 0.19 
SC13-6 m1_3 1766 37 64500 153000 19000 80800 16100 786 10500 610 940 54 47 2 6 1 2040 0.0062 0.19 
SC13-6 m1_4 1766 37 64100 163000 18300 75500 14700 744 10290 598 878 50 43 2 6 1 2060 0.0066 0.19 
SC13-6 m1_5 1758 37 61400 151000 18800 81600 16100 780 10140 606 920 48 44 2 5 1 1980 0.0056 0.19 
SC13-6 m1_6 1757 37 65900 154000 19400 86100 16100 735 11350 659 995 60 58 2 7 1 2420 0.0076 0.17 
SC13-6 m3_1 1755 37 59700 117000 14700 60000 9330 1042 8110 1015 3830 546 791 58 202 13 25600 0.0337 0.37 
SC13-6 m3_2 1749 37 58400 140000 16200 67600 12900 1065 10220 732 1390 105 104 4 13 1 4200 0.0074 0.28 
SC13-6 m3_3 1753 37 65200 134000 17000 71800 12600 1214 10560 807 1516 120 113 5 14 1 4430 0.0076 0.32 
SC13-6 m3_4 1751 37 63800 130700 15500 64400 10700 1960 8900 819 2172 254 291 14 38 3 7640 0.0118 0.62 
SC13-6 m3_5 1741 37 60200 138000 15200 66200 11950 2040 10640 1030 2760 314 323 16 39 3 10400 0.0100 0.55 
SC13-6 m3_6 1774 37 60800 129000 15400 61600 11600 1101 10050 767 1550 122 116 5 15 1 4150 0.0077 0.31 
SC13-6 m4_1 1762 37 52100 111000 13500 54600 10170 1850 9570 911 2550 294 326 17 43 3 8900 0.0118 0.57 
SC13-6 m4_2 1760 37 58900 128000 15300 64100 11000 1960 9690 957 2640 299 333 18 45 3 10250 0.0113 0.58 
SC13-6 m4_3 1754 37 58600 130000 14700 60600 10460 1810 8720 891 2520 313 367 18 51 3 10260 0.0126 0.58 
SC13-6 m4_4 1756 37 68900 127000 14800 59300 9250 1746 6440 429 770 64 67 3 9 1 1980 0.0087 0.69 
SC13-6 m5_1 1741 37 55800 120000 15300 68700 11420 481 8350 528 907 61 56 2 7 1 2250 0.0054 0.15 
SC13-6 m5_2 1765 37 63200 141000 15200 59700 9430 1690 5780 274 391 23 27 1 3 0 1000 0.0073 0.70 
SC13-6 m5_3 1745 37 56600 135000 15500 66200 11300 1300 8740 688 1510 142 143 6 18 1 4720 0.0076 0.40 
SC13-6 m5_4 1749 37 61700 134000 15200 61600 10200 1920 7250 508 1060 94 93 4 13 1 3500 0.0073 0.68 







SC13-6 m6_2 1755 37 41400 98000 12500 53700 10300 930 7210 466 795 54 53 2 6 0 1950 0.0062 0.33 
SC13-6 m6_3 1758 37 41500 106000 12900 59400 10870 1383 7610 537 860 48 39 1 5 0 1630 0.0046 0.47 
SC13-6 m6_4 1762 37 39900 102700 12400 54400 11100 1460 7750 527 781 42 37 1 3 0 1520 0.0056 0.48 
SC13-6 m6_5 1770 37 43400 106000 13100 54300 10240 1380 7260 498 821 48 43 2 3 0 1800 0.0049 0.49 
SC13-6 m6_6 1765 37 39400 98000 12600 59500 10740 1370 7760 543 832 49 45 2 5 0 1780 0.0055 0.46 
SC13-6 m7_1  1786 37 64000 159000 20400 88000 16200 719 11500 635 931 58 60 2 6 0 2280 0.0052 0.18 
SC13-6 m7_2 1773 37 64900 155000 19200 89800 16200 711 11280 614 845 48 47 2 7 1 1970 0.0051 0.16 
SC13-6 m7_3 1771 37 65200 160000 20400 90000 16500 743 12000 669 939 64 60 2 8 1 2340 0.0053 0.17 
SC13-6 m7_4 1771 37 58200 162000 19100 87100 16700 739 11730 609 871 52 54 2 6 1 1970 0.0054 0.18 
SC13-6 m7_5 1770 37 65000 148000 19300 86200 17200 710 11180 665 1040 65 64 3 7 1 2510 0.0061 0.18 
SC13-6 m7_6  1777 37 62200 159000 18500 90100 16800 732 12000 656 945 60 61 2 6 1 2280 0.0057 0.18 
SC13-6 m8_1 1779 37 63100 147000 19200 84100 15800 723 11400 657 989 62 64 3 7 1 2610 0.0073 0.35 
SC13-6 m8_2 1784 37 60500 155000 19100 92800 17100 853 11860 693 1008 66 57 2 6 1 2500 0.0066 0.65 
SC13-6 m8_3 1790 37 59700 154000 19500 88000 18500 822 13700 847 1090 61 57 2 7 1 2550 0.0060 0.55 
SC13-6 m8_4 1789 37 61100 151000 19300 88500 16700 805 12000 730 1070 65 59 2 7 1 2650 0.0069 0.66 
SC13-6 m8_5 1783 37 61900 150700 19800 89000 16500 818 11600 710 1061 65 63 2 7 1 2550 0.0052 0.53 
SC13-6 m9_1 1757 37 61400 154000 19300 90400 16800 813 11600 699 1070 64 64 2 6 1 2670 0.0049 0.16 
SC13-6 m9_2 1759 37 61500 152000 19400 92800 16000 804 12100 717 1030 63 63 2 8 1 2620 0.0060 0.16 
SC13-6 m9_3 1757 37 55300 120000 14900 64500 10530 1020 7420 423 651 44 46 2 5 0 1650 0.0062 0.16 
SC13-6 m9_4 1761 37 65600 136000 16400 69100 10500 1950 7940 602 1332 119 117 5 11 1 3810 0.0061 0.16 
SC13-6 m9_5 1763 37 56600 137000 15800 58900 10700 1730 8570 762 1940 200 231 9 21 1 6800 0.0059 0.16 
SC13-6 m9_6 1764 37 56900 132000 15730 67800 10800 1920 7400 489 874 67 76 3 8 1 2120 0.0057 0.16 
SC13-6 m9_7 1766 37 58900 139000 15800 68200 11200 1740 9020 945 2820 318 366 16 31 1 11600 0.0058 0.17 
EG13-4 m1_1 1766 29 41700 96000 11400 43800 7730 232 8510 1050 2950 275 267 13 33 2 11900 0.0075 0.09 
EG13-4 m1_2 1756 27 48100 96000 11200 41100 7610 453 8900 1200 3840 395 430 24 60 4 21600 0.0100 0.17 
EG13-4 m1_3 1740 28 45900 95100 11520 43500 8170 316 8520 1110 4030 430 479 28 68 5 21600 0.0113 0.12 
EG13-4 m1_4 1751 27 49600 96800 11210 42000 7930 269 9000 1120 3540 373 359 19 41 3 15400 0.0082 0.10 
EG13-4 m1_5 1763 27 46700 101100 11430 43200 7540 592 7610 960 3490 393 479 32 83 5 23500 0.0151 0.24 
EG13-4 m1_6 1763 27 49800 97000 11600 45200 7490 590 8040 966 3230 384 469 27 77 5 21700 0.0140 0.23 
EG13-4 m1_7 1756 27 47900 96000 12000 44000 8270 257 8840 1120 3400 320 314 15 34 2 13000 0.0067 0.09 
EG13-4 m1_8 1757 27 49700 102000 12000 46300 8620 279 9380 1170 3590 340 323 16 37 3 16200 0.0069 0.10 
EG13-4 m1_9 1752 27 49900 104000 12500 48300 9070 276 9320 1130 3360 331 319 16 37 2 14900 0.0072 0.09 
EG13-4 m1_10 1766 27 51300 99100 11600 43400 8200 496 8660 1110 3170 263 251 14 34 2 17400 0.0068 0.18 
EG13-4 m1_11 1759 27 50600 99900 11600 45000 8140 294 9300 1210 3870 402 380 20 47 3 20300 0.0075 0.10 
EG13-4 m2_1 1769 27 46600 97600 11100 44300 8250 281 9020 1140 3450 320 313 16 38 3 13500 0.0071 0.10 
EG13-4 m2_2 1769 27 49000 94900 10760 39800 7690 501 8680 1090 3120 261 248 14 32 2 16500 0.0068 0.19 
EG13-4 m2_3 1759 27 49700 101000 11100 42600 7580 267 8130 989 3350 335 348 20 49 3 13370 0.0097 0.10 
EG13-4 m2_4 1757 27 50700 103000 11700 45700 8150 242 8600 1000 2860 277 264 13 33 2 10800 0.0077 0.09 
EG13-4 m2_5 1761 27 48800 93100 11700 44700 8220 252 8560 1060 3000 284 271 15 34 2 12100 0.0073 0.09 
EG13-4 m2_6 1768 27 49100 105000 11900 46900 8800 273 9190 1117 3340 312 291 15 35 3 12840 0.0075 0.09 
EG13-4 m2_7 1783 27 52300 98700 11100 45700 8000 512 8950 1083 3890 455 513 32 84 6 23900 0.0139 0.19 
EG13-4 m2_8 1783 27 53100 107300 11660 45400 7850 804 7510 860 2890 356 468 36 111 8 13800 0.0285 0.32 
EG13-4 m2_9 1778 27 48700 93700 10790 42400 7720 531 8070 980 3190 365 422 28 80 6 17500 0.0176 0.21 
EG13-4 m2_10 1779 27 51800 109000 12100 48700 8240 612 9000 1130 4110 497 578 35 85 6 28400 0.0134 0.22 
EG13-4 m2_11 1764 27 51200 99000 11400 43900 8340 254 8670 1100 3220 307 289 15 33 2 11600 0.0073 0.09 
EG13-4 m2_12 1779 27 48100 98200 10340 43000 7520 615 7740 915 3200 402 478 34 97 6 17400 0.0195 0.25 
EG13-4 m2_13 1768 27 47600 98900 11230 44400 8280 292 8600 1090 3290 332 322 17 40 3 13400 0.0085 0.11 
EG13-4 m3_1 1781 28 45400 87000 10500 39100 6800 236 6900 890 2780 288 288 15 37 2 11800 0.0088 0.11 
EG13-4 m3_2 1771 27 44200 94000 10600 40200 7660 267 8510 1060 3200 304 281 14 35 2 12500 0.0067 0.10 
EG13-4 m3_3 1975 41 52400 102100 11650 44400 7600 693 7200 860 2750 305 334 23 76 7 13600 0.0244 0.29 
EG13-4 m3_4 1771 27 49700 96000 11170 44100 8090 254 8280 1062 3070 284 268 14 36 2 12300 0.0068 0.10 







EG13-4 m3_6 2397 26 61100 109000 12300 46600 8330 1090 5950 541 1530 165 196 14 44 3 5700 0.0191 0.47 
EG13-4 m3_7 1763 27 48000 98600 11200 45200 8450 247 8600 1107 3270 300 296 15 38 2 12800 0.0073 0.09 
EG13-4 m3_8 1756 27 50400 98100 11140 44400 8220 255 8630 1048 3040 276 279 14 35 2 11800 0.0070 0.09 
EG13-4 m3_9 1761 29 49800 95200 11200 44100 8030 240 8170 991 2880 274 274 13 34 2 11500 0.0074 0.09 
EG13-4 m3b_1 1761 27 53200 112000 12100 46700 8670 279 8950 1140 3470 348 331 17 42 3 16200 0.0079 0.10 
EG13-4 m3b_2 1850 29 57400 108800 11900 46600 7620 786 7130 940 3100 394 476 31 92 7 19500 0.0219 0.33 
EG13-4 m3b_3 1754 27 53200 107000 12090 47300 8550 301 9170 1123 3310 315 321 17 45 3 13330 0.0090 0.10 
EG13-4 m4_1 1773 27 54900 105000 12200 46400 8200 600 7700 940 3230 488 710 59 206 16 20200 0.0487 0.23 
EG13-4 m4_2 1763 29 37600 68000 7290 24000 4900 318 4800 620 2180 277 375 31 100 8 13200 0.0339 0.20 
EG13-4 m4_3 1771 27 60200 112900 13300 51100 8630 715 8540 1006 3750 563 816 66 233 18 26500 0.0467 0.26 
EG13-4 m5_1 1771 27 57400 113000 13000 51800 9470 574 11070 1410 4270 382 412 22 60 4 26000 0.0088 0.17 
EG13-4 m5_2 1769 27 55600 115000 12500 46500 8710 532 10090 1250 3840 358 346 20 59 4 23400 0.0103 0.17 
EG13-4 m5_3 1768 27 60100 117800 13200 49700 9500 563 10930 1390 3910 380 373 20 58 3 22300 0.0082 0.17 
EG13-4 m6_1 1763 27 58000 118000 14220 55800 9850 323 11000 1430 4370 437 451 23 60 4 24600 0.0090 0.10 
EG13-4 m6_2 1752 27 60000 111500 13700 53600 9140 374 10320 1350 4680 532 613 35 91 6 25500 0.0123 0.12 
EG13-4 m6_3 1757 27 56800 116000 13400 50300 9100 330 10400 1282 4240 456 477 26 64 5 21900 0.0107 0.10 
EG13-4 m6_4 1764 27 58100 118000 14100 53100 9900 329 11000 1350 4000 412 397 21 52 3 18800 0.0083 0.10 
EG13-4 m6_5 1761 27 66900 136000 15200 54400 9840 338 10800 1330 3980 419 428 22 59 4 20700 0.0096 0.10 
EG13-4 m7_1 1764 27 49000 92800 11000 41100 7360 251 8180 1044 3080 339 337 18 47 3 12700 0.0090 0.10 
EG13-4 m7_2 1761 27 46500 92700 10730 41400 7810 227 8510 993 3030 297 294 14 36 2 11500 0.0069 0.09 
EG13-4 m7_3 1764 27 49900 96500 11730 44100 8140 262 8920 1019 3240 334 325 17 41 3 12800 0.0082 0.09 
EG13-4 m7_4 1774 27 51200 103200 11220 41700 8020 237 9150 1030 3030 293 282 14 35 2 12000 0.0073 0.08 
EG13-4 m7_5 1769 27 48600 103700 11800 43900 8060 267 9000 1070 3120 308 289 15 39 2 14500 0.0076 0.10 
EG13-4 m7_6 1771 27 45400 87500 10600 39800 7520 249 8360 980 2910 279 259 13 32 2 11600 0.0072 0.10 
EG13-4 m7_7 1769 27 49000 100000 10750 43200 7930 274 8670 1090 3250 317 282 15 42 2 13900 0.0073 0.10 
EG13-4 m7_8 1769 27 48100 93000 10800 40300 7700 263 8900 1074 3250 307 295 14 39 2 11190 0.0074 0.10 
EG13-4 m7b_1 1771 29 45600 87400 10010 37800 7290 283 8690 1180 3880 413 419 21 54 3 20300 0.0084 0.11 
EG13-4 m7b_2 1771 29 44400 92000 10300 39800 7480 302 8830 1158 3540 367 345 16 40 2 15900 0.0068 0.11 
EG13-4 m7b_3 1776 27 45100 88900 9800 39100 7150 273 8290 1020 3500 355 344 17 40 3 13700 0.0072 0.11 
EG13-4 m8_1 1766 27 54800 113000 12700 50400 8900 281 9600 1190 3700 379 375 20 53 3 15100 0.0086 0.09 
EG13-4 m8_2 1774 29 60900 109100 13100 53500 8900 318 10130 1300 3940 420 425 22 56 4 18200 0.0095 0.10 
EG13-4 m8_3 1774 29 61000 122000 13100 50200 9200 323 9300 1150 3770 376 404 23 64 4 17400 0.0099 0.11 
EG13-4 m8_4 1764 27 60800 122000 13300 49900 9200 343 10300 1270 3970 422 411 22 55 4 19900 0.0090 0.11 
EG13-4 m8_5 1766 27 64300 122000 13100 53100 9610 419 10900 1440 4620 455 431 21 54 3 24400 0.0070 0.13 
EG13-4 m8_6 1761 27 58900 128000 13500 51800 9380 387 10980 1380 4440 447 426 20 50 3 22700 0.0065 0.12 
EG13-4 m8_7 1759 27 58100 119000 13200 51800 9340 355 10700 1400 4550 476 456 22 53 3 24100 0.0071 0.11 
EG13-4 m8_8 1759 27 57100 115200 12800 49400 8870 333 9670 1290 4280 445 419 21 53 3 21200 0.0072 0.11 
EG13-4 m8_9 1746 27 57900 116000 13400 49200 9600 273 9860 1160 3300 325 298 15 40 2 13600 0.0067 0.09 
EG13-4 m9_1 1763 27 73200 144000 16400 65200 10730 431 12120 1560 5290 649 805 56 180 13 36100 0.0244 0.13 
EG13-4 m9_2 1754 27 73100 145000 16900 63600 10700 314 11350 1380 4320 471 507 31 90 6 25100 0.0140 0.09 
EG13-4 m9_3 1814 28 74100 144000 15320 57900 9590 903 9090 1140 4280 613 910 77 282 21 23800 0.0490 0.30 
EG13-4 m9_4 1779 28 70300 144100 16600 62000 10530 434 10620 1300 4420 561 756 56 184 14 27200 0.0305 0.13 
EG13-4 m9_5 1759 27 73300 158000 16600 63400 10400 406 10490 1260 4520 520 730 53 174 13 28500 0.0281 0.12 
EG13-4 m10_1 1744 27 67500 152000 15100 64400 9560 231 10420 1156 3390 405 454 29 91 7 17300 0.0196 0.07 
EG13-4 m10_2 1746 27 73000 141000 15500 57300 9440 252 9060 1003 3170 343 365 21 62 4 13200 0.0126 0.08 
EG13-4 m10_3 1740 28 74000 136000 15000 61200 9200 264 9010 1070 3260 359 386 23 68 5 15500 0.0139 0.09 
EG13-4 m10_4 1742 28 72100 148000 16400 63400 10080 215 9670 1096 3370 377 413 27 83 6 13300 0.0167 0.07 
EG13-4 m10_5 1742 28 70700 153000 15900 61400 9150 240 8930 986 2870 300 304 18 51 3 12000 0.0118 0.08 
EG13-5 m1_2 1749 19 68300 147000 14600 50800 7310 1122 5390 554 1954 253 309 18 45 4 10930 0.0180 0.55 
EG13-5 m1_3 1761 19 67600 140000 14400 43800 6850 943 5000 500 1670 222 261 16 43 3 8700 0.0168 0.49 
EG13-5 m1_6 1756 19 66900 129000 14500 43600 7130 971 5170 542 1910 247 341 24 62 4 11200 0.0227 0.49 







EG13-5 m2_1 1754 19 67400 146000 14270 56900 7920 1091 6430 711 2780 398 606 44 130 12 15700 0.0410 0.47 
EG13-5 m2_2 1771 19 67800 153000 15110 60600 8920 1173 8030 978 4000 638 1009 75 244 21 34900 0.0504 0.42 
EG13-5 m2_3 1771 19 67200 148000 15600 58300 9000 1175 8050 987 4240 675 1126 82 268 22 33800 0.0511 0.42 
EG13-5 m2_4 1756 19 70900 160000 16000 56900 8130 1080 7160 774 3120 459 731 54 182 17 17400 0.0536 0.43 
EG13-5 m2_5 1746 19 74500 146200 16000 58900 8250 1138 7150 802 2900 434 680 45 159 13 16400 0.0448 0.45 
EG13-5 m3_1 1756 19 66300 132000 13500 44300 6440 897 5410 549 1920 264 365 23 72 6 11220 0.0305 0.47 
EG13-5 m3_2 1756 19 63000 131000 12900 48200 6480 935 5500 551 1940 242 336 21 64 5 9200 0.0274 0.48 
EG13-5 m3_3 1784 18 68600 136000 14600 56600 7440 970 5700 616 2340 349 542 37 129 10 13500 0.0437 0.46 
EG13-5 m3_4 1752 19 60900 133000 13400 50600 7050 967 6470 707 2920 449 776 53 202 17 17800 0.0573 0.44 
EG13-5 m3_5 1752 19 63500 133000 13300 50300 6840 930 6040 596 2210 285 384 26 85 7 11700 0.0312 0.44 
EG13-5 m4_1 1759 19 66600 131500 13540 47200 6410 883 5270 576 2090 293 449 30 102 8 11700 0.0377 0.47 
EG13-5 m4_2 1808 20 73100 140000 14500 60400 7260 1039 6390 626 2420 344 531 39 135 11 13100 0.0455 0.47 
EG13-5 m4_3 2374 20 68500 152000 15300 66200 8180 1245 7170 683 2330 297 451 31 115 8 10600 0.0343 0.50 
EG13-5 m4_4 2019 20 76100 149000 15400 68500 8610 1252 7940 773 2770 357 529 40 134 11 12800 0.0377 0.46 
EG13-5 m4_5 1759 19 65000 136000 13500 57400 7190 1009 6630 732 3120 467 783 54 201 15 18700 0.0467 0.45 
EG13-5 m4_6 1754 19 63000 117000 11900 40800 5510 838 4680 499 1650 202 275 16 51 3 7820 0.0206 0.51 
EG13-5 m4c_1 1763 19 69400 127000 14500 51800 7240 960 6490 742 2970 439 760 53 196 14 19600 0.0464 0.43 
EG13-5 m4c_2 1766 19 72000 147000 13650 51800 7470 1100 7530 891 3870 629 1063 71 235 19 31700 0.0478 0.45 
EG13-5 m4c_3 1756 19 80500 151000 14200 52400 6490 980 5180 516 1630 205 252 14 40 3 8240 0.0181 0.52 
EG13-5 m5_1 1756 19 58300 114000 11300 42000 5700 880 4570 464 1610 182 213 11 32 2 7200 0.0101 0.53 
EG13-5 m5_2 1821 20 38500 84000 8600 30000 4700 750 4200 420 1400 173 227 16 44 3 6100 0.0239 0.52 
EG13-5 m5_4 1840 19 65600 131000 14300 59100 8090 1259 7640 862 3040 467 721 55 182 13 18100 0.0418 0.49 
EG13-5 m6_1 1733 19 45100 92000 9300 26600 5160 1060 4440 528 2020 270 361 21 59 4 11000 0.0202 0.68 
EG13-5 m6_2 1761 19 56300 113200 12040 36400 6410 884 5560 703 2980 483 807 60 203 15 18800 0.0492 0.45 
EG13-5 m6_3 1754 19 70500 127000 13800 52700 6440 992 5650 618 2230 300 455 28 93 7 11650 0.0296 0.50 
EG13-5 m6_4 1784 18 65200 128000 13500 52900 7030 986 6250 770 3170 514 845 65 217 15 18400 0.0450 0.46 
EG13-5 m6_5 1746 19 66300 127000 14400 58500 7390 1077 6420 732 2770 384 581 39 126 9 16000 0.0323 0.48 
EG13-5 m6_6 1761 19 66800 129000 14100 50000 6840 1010 5860 681 2530 357 600 41 132 9 14400 0.0366 0.49 
EG13-5 m7_1 1757 19 63100 114100 13200 50600 7320 963 6340 766 3320 488 810 60 193 14 24000 0.0418 0.43 
EG13-5 m8_2 1739 19 64000 119000 13500 55000 7400 1290 6600 780 3040 490 750 56 179 14 23200 0.0453 0.57 
EG13-5 m9_1 1744 19 41000 71000 8300 31000 4900 730 4300 490 1800 260 390 26 79 6 9700 0.0328 0.49 
EG13-5 m9_2 2046 35 73400 133000 16200 61800 8600 1270 7370 810 3000 454 724 57 182 15 16800 0.0493 0.49 
EG13-5 m9_3 2284 19 64000 124000 15600 67100 9350 1420 7970 870 3020 423 638 53 176 15 15500 0.0492 0.50 
EG13-5 m9_4 1872 19 76300 117000 15100 58900 8380 1270 7090 807 2850 437 674 52 163 13 17100 0.0456 0.50 
EG13-5 m9_5 1778 18 69400 122000 13890 57300 8430 1250 8220 997 3640 594 937 69 191 15 28900 0.0416 0.46 
SW12-1A1-m1a_1 1752 38 57400 114100 12900 45800 7400 412 6310 569 1360 114 121 6 16 1 4940 0.0082 0.18 
SW12-1A1-m1a_2 1740 38 59600 120000 14260 55000 7850 460 6670 578 1330 118 112 5 16 1 4800 0.0070 0.19 
SW12-1A1-m1a_3 1754 38 67600 123000 13800 53800 8150 478 7050 641 1670 148 137 6 17 1 6440 0.0064 0.19 
SW12-1A1-m1a_4 1742 38 61000 116300 14400 51800 8080 455 7030 627 1550 141 138 7 18 1 5930 0.0083 0.19 
SW12-1A1-m1b_1 1739 38 60000 119000 13600 52600 8250 488 7130 694 1740 167 164 8 24 1 6880 0.0083 0.19 
SW12-1A1-m1b_2 1739 38 64800 130000 14300 55700 8290 464 7050 594 1500 130 124 7 19 1 5840 0.0075 0.19 
SW12-1A1-m1b_3 1747 38 66200 141000 14300 52900 8690 491 7270 620 1570 147 131 7 18 1 5560 0.0070 0.19 
SW12-1A1-m1b_4 2221 37 61800 126000 13900 51200 8140 307 7700 841 3040 436 747 67 256 22 17500 0.0725 0.12 
SW12-1A1-m1b_5 1740 38 66600 135000 14500 54800 8280 517 7800 799 2150 219 239 13 37 3 9860 0.0131 0.20 
SW12-1A1-m1c_1 1744 38 67400 120000 14000 51300 7610 442 6480 558 1326 125 123 6 16 1 4890 0.0079 0.19 
SW12-1A1-m1c_2 1746 38 63600 133400 15430 56500 8540 507 7680 727 1840 168 163 8 21 2 7290 0.0090 0.19 
SW12-1A1-m1c_3 2493 34 61800 138000 14480 55500 8580 483 7880 924 3370 488 685 61 233 20 18100 0.0569 0.18 
SW12-1A1-m1c_4 2494 34 61000 139000 14600 58800 8650 532 7670 824 3090 426 568 50 202 16 17300 0.0500 0.20 
SW12-1A1-m1c_5 1742 38 63600 134000 14500 54100 8420 558 8140 797 2250 222 208 11 27 2 8800 0.0080 0.21 
SW12-1A1-m1c_6 1744 38 64200 127000 14080 54300 8420 532 7880 750 2020 189 187 9 24 2 8200 0.0078 0.20 
SW12-1A1-m1c_7 2506 34 62300 127000 14300 51800 8710 817 7770 764 2520 294 349 22 72 5 10400 0.0187 0.30 







SW12-1A1-m2_1 1713 37 60700 136000 14800 56200 9900 423 9860 1119 4050 592 900 70 241 20 33800 0.0493 0.13 
SW12-1A1-m2_2 1937 36 67400 141000 16800 66500 9820 460 8780 787 2340 294 384 30 121 10 11400 0.0408 0.15 
SW12-1A1-m2_3 1716 37 64900 138000 16100 60700 11000 486 10700 1227 4290 603 874 68 236 18 31000 0.0408 0.14 
SW12-1A1-m2_4 1718 37 65300 137000 15800 61000 10680 474 10320 1239 4450 639 1013 84 300 23 37100 0.0504 0.14 
SW12-1A1-m2_5 1713 37 64800 127300 15300 60800 10160 538 10850 1410 5420 843 1340 109 385 29 41200 0.0521 0.16 
SW12-1A1-m2_6 1716 37 61200 129000 14500 58500 9590 539 10210 1270 4720 640 1000 80 282 21 36000 0.0444 0.17 
SW12-1A1-m2_8 1746 36 68100 146000 17000 65000 10480 464 9400 972 2880 317 329 18 49 3 11900 0.0103 0.14 
SW12-1A1-m2_9 1733 36 67000 136000 16400 63600 9670 508 9210 910 2570 294 357 20 72 6 10700 0.0214 0.16 
SW12-1A1-m2_10 1720 37 53100 107100 13700 51200 8700 414 9000 1030 3300 448 665 51 173 15 22300 0.0447 0.14 
SW12-1A1-m3a_1 1723 38 49000 95000 10200 38000 5800 281 5000 580 1980 250 380 23 70 5 13800 0.0224 0.16 
SW12-1A1-m3a_2 1746 38 68600 136000 15000 55100 8500 458 7240 652 1640 146 147 8 20 1 5990 0.0079 0.18 
SW12-1A1-m3a_3 1749 38 66400 133000 14600 55500 8570 475 7550 649 1710 159 147 8 23 1 6280 0.0071 0.18 
SW12-1A1-m3a_4 1744 38 64000 135000 14600 54400 7800 437 7330 664 1620 152 147 7 19 1 6560 0.0076 0.18 
SW12-1A1-m3a_5 1751 38 66100 133000 14800 57000 8680 542 7800 707 1990 198 182 9 22 2 8000 0.0084 0.20 
SW12-1A1-m3a_6 1725 37 58000 121000 14610 54800 9260 469 9500 1191 4380 603 820 52 153 11 32800 0.0237 0.15 
SW12-1A1-m3a_7 1747 38 63500 138000 14800 52200 8270 502 7550 705 1910 180 179 9 21 1 8000 0.0073 0.19 
SW12-1A1-m3b_1 2300 36 53900 121000 13700 53500 8660 494 8490 997 3490 426 499 35 99 7 17600 0.0206 0.18 
SW12-1A1-m3b_2 1752 38 69100 131100 15300 56200 8990 517 7450 681 1800 189 198 10 28 2 8400 0.0097 0.19 
SW12-1A1-m3b_3 2150 37 65500 138000 14500 55700 8450 550 8110 932 3080 429 586 43 165 12 16000 0.0390 0.20 
SW12-1A1-m3b_4 2326 37 65700 130000 14900 55200 8660 470 8170 902 3280 478 744 64 245 21 21000 0.0630 0.17 
SW12-1A1-m3b_5 1744 38 67200 139000 15600 59400 8790 489 7470 679 1750 161 160 7 19 1 6440 0.0081 0.18 
SW12-1A1-m3b_6 1744 38 61000 116000 12500 46000 7300 401 6800 660 1830 182 222 12 38 3 7480 0.0176 0.17 
SW12-1A1-m4_1 2247 38 55900 113000 13900 52900 8280 389 8020 886 3210 466 735 64 250 19 19000 0.0589 0.15 
SW12-1A1-m4_2 2230 41 59600 129000 14700 55100 8720 387 8880 972 3570 520 810 70 250 20 22700 0.0554 0.13 
SW12-1A1-m4_3 1747 38 63800 138000 15300 58600 8940 581 8190 790 2130 214 223 11 31 2 9070 0.0085 0.21 
SW12-1A1-m4_4 1754 38 64200 139000 14700 55400 8280 501 7660 723 1990 190 194 10 26 2 7230 0.0096 0.19 
SW12-1A1-m4_5 1754 38 63700 127000 14270 57300 8700 527 8240 785 2170 208 210 11 29 2 9200 0.0085 0.19 
SW12-1A1-m4_6 1751 38 66400 137000 14700 56200 8920 529 7880 773 1958 185 188 9 22 2 7190 0.0080 0.19 
SW12-1A1-m4_7 1747 38 60300 135000 15200 58000 8850 492 7570 687 1841 168 170 8 23 1 6340 0.0072 0.18 
SW12-1A1-m5_1 1744 38 55500 125000 13340 50600 7830 433 7600 765 2270 266 334 25 73 5 11800 0.0227 0.17 
SW12-1A1-m5_2 1721 37 59800 121000 14000 53800 8680 400 9210 1053 3810 522 708 49 144 11 20300 0.0294 0.14 
SW12-1A1-m5_3 1756 37 62600 127000 14500 55700 8400 502 7590 675 1650 156 148 7 20 1 6080 0.0069 0.19 
SW12-1A1-m5_4 2196 35 60700 133000 14180 52900 8640 303 7910 880 2800 350 507 38 149 12 12900 0.0418 0.11 
SW12-1A1-m5_5 1759 37 59600 135700 14800 55500 8640 497 7770 722 1758 172 178 8 21 1 7210 0.0081 0.19 
SW12-1A1-m5_6 1747 38 60200 124000 13850 52500 8330 291 8000 860 2800 332 390 22 58 4 13000 0.0128 0.11 
SW12-1A1-m5_7 2137 43 64500 135000 14300 54800 8630 427 7750 750 2112 252 352 27 110 10 9900 0.0447 0.16 
SW12-1A1-m5_8 1757 37 66700 132000 14600 55800 9100 352 7920 786 2350 267 317 18 51 3 10740 0.0130 0.13 
SW12-1A1-m5_9 1752 38 60200 119000 14200 53900 8140 479 8070 802 2190 252 296 18 53 3 10600 0.0138 0.18 
SW12-1A2-m1_1 1774 19 65700 128000 15000 55900 9240 519 8280 781 1930 176 167 8 22 1 7290 0.0073 0.18 
SW12-1A2-m1_2 1764 19 66200 140800 14600 55000 8770 499 7980 716 1860 174 174 8 21 2 7290 0.0085 0.18 
SW12-1A2-m1_3 1763 19 64400 132000 14500 53600 9500 508 8400 761 2040 181 183 9 24 2 7980 0.0079 0.17 
SW12-1A2-m1_4 1752 19 64600 132800 15100 55600 9040 501 8210 749 1940 176 176 8 23 2 7300 0.0075 0.18 
SW12-1A2-m1_5 1752 19 70800 145000 16300 60300 9900 547 9050 873 2110 196 185 9 24 2 8150 0.0070 0.18 
SW12-1A2-m1_6 1751 19 68600 139000 15700 59500 9600 515 8560 785 1920 183 177 8 22 2 7070 0.0080 0.17 
SW12-1A2-m1_7 1754 19 73000 144000 16000 59400 9700 523 8620 801 2030 196 184 9 28 2 8000 0.0088 0.18 
SW12-1A2-m1_8 1751 19 65800 146000 16300 59600 9820 515 8350 773 1920 168 170 8 22 1 6780 0.0065 0.17 
SW12-1A2-m2_1 1768 19 51000 106000 12200 45000 7000 419 6300 510 1190 115 121 6 18 1 4500 0.0102 0.19 
SW12-1A2-m2_2 1751 19 82500 169000 19100 71100 10800 608 9200 790 1850 157 152 7 20 1 7480 0.0070 0.19 
SW12-1A2-m2_3 1752 19 79500 156000 18200 67400 10500 594 9350 835 1960 176 173 8 23 2 7190 0.0078 0.18 
SW12-1A2-m2_4 1739 19 74700 162000 17800 68500 10800 530 9600 1040 3090 374 460 28 80 5 16900 0.0169 0.16 
SW12-1A2-m2_5 1752 19 80000 159000 17500 64300 10600 642 9020 841 2070 183 171 8 21 2 7040 0.0072 0.20 







SW12-1A2-m2_7 1747 19 75000 152000 17700 64800 10420 622 8900 849 1920 166 156 7 21 1 7121 0.0063 0.20 
SW12-1A2-m2_8 1754 19 78300 160000 17200 60300 10140 601 9080 810 2090 179 171 8 24 2 6820 0.0072 0.19 
SW12-1A2-m2_9 1733 19 67900 134000 14800 54000 8900 415 8400 1050 3910 580 850 56 185 12 29500 0.0310 0.15 
SW12-1A2-m2_10 1740 19 44200 85000 11200 41000 7300 329 6460 890 3240 460 680 47 134 10 25400 0.0295 0.15 
SW12-1A2-m3_1 2181 47 73400 143000 16800 65800 10700 693 8830 940 2870 327 440 32 113 8 12400 0.0285 0.22 
SW12-1A2-m3_2 1756 19 75200 152000 17400 65300 10100 618 8960 782 1750 141 118 5 14 1 5730 0.0058 0.20 
SW12-1A2-m3_3 1826 23 73700 157000 16900 64900 10200 561 8590 712 1780 156 186 10 34 2 6350 0.0113 0.18 
SW12-1A2-m3_4 1747 19 83900 166000 19300 67500 10700 542 7820 573 1125 88 84 3 10 1 3540 0.0065 0.18 
SW12-1A2-m4_1 2297 34 74300 159000 17200 63400 10560 378 10210 1190 4370 640 990 87 330 28 29600 0.0635 0.11 
SW12-1A2-m5_1 1756 19 52100 104000 12000 45000 7320 440 6850 747 2050 209 217 11 33 2 7690 0.0096 0.19 
SW12-1A2-m5_2 2057 46 50400 106000 12000 45600 7570 364 6970 772 2610 365 550 47 179 15 13900 0.0547 0.15 
SW12-1A2-m5_3 1756 19 51000 99100 11530 46300 7610 443 7000 751 1990 199 211 11 31 2 7950 0.0100 0.19 
SW12-1A2-m6_1 1840 19 65100 129800 15300 56600 9130 550 7860 749 1870 176 189 10 32 2 6630 0.0104 0.20 
SW12-1A2-m6_2 2478 17 60200 130000 13800 52200 8490 508 7600 891 3360 490 770 68 267 21 21300 0.0615 0.19 
SW12-1A2-m6_3 1756 19 59800 125000 14900 53200 8800 500 7770 696 1690 155 162 8 24 2 6010 0.0086 0.19 
SW12-1A2-m6_4 1757 19 64900 132000 15600 57500 9460 527 8030 750 1870 173 166 9 25 2 7240 0.0082 0.19 
SW12-1A2-m6_5 1744 19 67900 141000 15900 56800 8900 477 6770 553 1240 103 106 5 14 1 4370 0.0071 0.19 
SW12-1A2-m6_6 1744 19 64300 141000 15200 56400 8790 448 6860 545 1240 102 100 5 14 1 4150 0.0086 0.18 
SW12-1A2-m6_7 1759 19 67400 129000 15000 58800 9370 492 8120 748 1800 182 178 9 24 2 6710 0.0089 0.17 
SW12-1A2-m6_8 1735 19 61800 125000 14900 58000 10400 459 10700 1510 5300 680 860 53 146 10 34500 0.0189 0.13 
SW12-1A2-m6_9 1730 19 59600 135000 15500 55600 9500 447 10060 1322 4420 587 812 49 142 10 29600 0.0219 0.14 
SW12-1A2-m7_1 1759 19 57400 122000 12800 47500 8160 468 7890 793 2270 246 260 13 38 3 9900 0.0112 0.18 
SW12-1A2-m7_2 1796 20 52500 120000 13100 49000 8400 493 8200 886 2510 272 311 18 49 4 11200 0.0138 0.18 
SW12-1A2-m7_3 2044 28 54800 113900 12670 48100 8190 441 7620 806 2430 291 370 27 99 7 10920 0.0292 0.17 
SW12-1A2-m7_4 2406 19 56200 112500 12900 51500 8300 385 7190 816 2910 413 644 54 214 16 18200 0.0541 0.15 
SW12-1A2-m7_5 2407 17 55400 117000 12680 47300 7720 387 7150 841 3110 470 782 72 289 24 18000 0.0766 0.16 
SW12-1A2-m8_1 1747 19 60200 134000 16300 59200 11500 516 12400 1730 6760 970 1340 88 269 20 49700 0.0288 0.13 
SW12-1A2-m8_2 1725 19 62800 141000 15800 60600 11300 467 12400 1700 6570 917 1270 87 257 19 44200 0.0291 0.12 
SW12-1A2-m8_3 1837 21 67000 153000 16600 73000 11300 490 10800 1500 5800 840 1130 76 228 14 41000 0.0244 0.14 
SW12-1A2-m9_1 1747 19 58500 125000 13400 52200 8220 429 6490 560 1293 115 117 5 16 1 4760 0.0077 0.18 
SW12-1A2-m9_2 1757 19 58400 124000 14000 52700 8370 428 7130 644 1630 149 149 8 20 1 6200 0.0072 0.17 
SW12-1A2-m9_3 1756 19 65400 140000 15100 56400 9300 488 8310 724 1850 172 170 8 22 1 6740 0.0076 0.17 
SW12-1A2-m9_4 1756 19 64200 127000 14500 53600 9060 463 7590 670 1570 144 150 7 20 1 6090 0.0076 0.17 
SW12-1A2-m10_1 2456 17 68500 153000 15400 60500 9650 215 9320 1170 5160 842 1450 138 575 47 42400 0.0896 0.07 
SW12-1A2-m10_2 2482 17 66200 143000 16000 60200 9700 254 8260 1102 4530 734 1290 115 468 39 33900 0.0836 0.09 
SW12-1A2-m10_3 2458 17 67300 139000 15600 60100 9700 195 8900 1130 4850 790 1410 129 491 42 36100 0.0854 0.06 
SW12-1A2-m10_4 2462 18 69200 148000 17500 65800 10500 794 9500 1040 3410 447 568 40 148 11 16600 0.0309 0.24 
SW12-1A2-m11_1 1727 19 58900 131000 14280 53700 9680 414 9190 983 3290 470 723 61 226 18 20200 0.0547 0.13 
SW12-1A2-m11_2 1744 19 62500 137000 15100 55800 8840 436 7520 689 1830 202 243 17 60 4 8010 0.0237 0.16 
SW12-1A2-m11_3 1733 19 54500 121000 13700 51400 8850 402 8190 828 2730 358 563 45 166 14 13700 0.0505 0.14 
SW12-1A2-m12_1 1737 19 64100 134000 15000 53100 8460 437 6350 506 1080 90 85 4 11 1 4010 0.0074 0.18 
SW12-1A2-m12_2 2053 21 58300 131000 14800 55500 8950 452 7950 802 2810 359 498 42 144 12 12600 0.0420 0.16 
SW12-1A2-m12_3 1752 19 57900 122000 13800 54300 9400 413 9600 1160 4050 549 750 51 150 11 28900 0.0265 0.13 
SW12-1A2-m12_4 1759 19 63700 136000 14700 54500 8260 507 7370 709 1960 188 199 9 24 2 7650 0.0082 0.20 
SW12-1A2-m12_5 1757 19 65400 140000 14200 50000 8220 500 7210 714 1930 192 190 9 22 2 7290 0.0079 0.20 
SW12-1A2-m12_6 1746 19 64200 139000 15400 57500 8450 473 6590 552 1230 100 98 5 13 1 4490 0.0066 0.19 
SW12-2C1-m1_1 2160 27 61400 120000 14200 51700 8000 389 7560 738 2380 302 388 33 113 9 10880 0.0379 0.15 
SW12-2C1-m1_2 2276 26 59300 111000 13700 51800 7980 356 7480 779 2800 383 571 51 178 15 13990 0.0515 0.14 
SW12-2C1-m1_3 2511 26 65100 122200 14400 53200 7990 507 7020 734 2500 300 351 25 76 6 10900 0.0216 0.21 
SW12-2C1-m1_4 2164 27 58900 107000 14340 54600 8090 348 7670 683 2130 273 369 32 117 10 9730 0.0449 0.14 
SW12-2C1-m2_1 1728 28 69200 107100 12500 46600 7700 305 7500 710 1840 168 186 13 42 5 9100 0.0269 0.12 







SW12-2C1-m2_3 2130 28 75400 157000 17400 72100 9720 506 9350 930 3030 408 600 55 191 17 17300 0.0552 0.16 
SW12-2C1-m2_4 2260 33 73000 136000 17200 59500 8620 373 8290 880 3300 490 700 76 267 24 24400 0.0716 0.14 
SW12-2C1-m2_5 2479 25 72400 140000 16900 60300 9540 247 9510 1110 4630 748 1180 115 422 37 34700 0.0791 0.08 
SW12-2C1-m2_6 2476 25 71600 135000 16600 62800 9390 182 9160 1095 4610 759 1197 130 509 43 35500 0.0924 0.06 
SW12-2C1-m3_1 2030 27 60100 124000 13500 53800 8200 338 8380 990 3680 526 782 68 221 19 24800 0.0500 0.12 
SW12-2C1-m3_2 2500 25 61700 118000 13800 52100 7920 535 7440 840 3050 412 601 53 186 15 17700 0.0481 0.21 
SW12-2C1-m3_3 2287 36 60500 120000 13600 50600 7660 301 7610 810 3000 430 640 60 210 19 18000 0.0610 0.12 
SW12-2C1-m3_4 1792 28 64400 125000 14600 53400 8000 432 7690 655 1580 160 177 10 30 2 6160 0.0118 0.17 
SW12-2C1-m3_5 2326 27 61100 124000 13800 50400 8200 492 7600 787 2590 343 496 40 141 12 11600 0.0448 0.19 
SW12-2C1-m4_1 2494 25 61100 116000 13600 52300 7410 150 7670 938 4000 693 1180 119 435 39 31100 0.0959 0.06 
SW12-2C1-m4_2 2503 25 53300 119000 13070 48300 7710 203 7740 926 3850 596 1009 99 365 33 27500 0.0838 0.08 
SW12-2C1-m4_3 2379 27 58300 119000 13500 50400 7820 183 8100 969 4170 716 1184 115 405 36 30100 0.0857 0.07 
SW12-2C1-m4_4 2502 25 55900 120000 13200 47600 7610 185 7610 899 3610 589 968 97 361 32 26200 0.0872 0.07 
SW12-2C1-m4_5 2518 25 59800 130000 14300 50600 8100 363 7870 934 3590 539 770 66 226 18 21500 0.0491 0.14 
SW12-2C1-m4_6 2506 25 57000 111000 13200 51300 8180 341 7650 903 3440 528 788 73 256 22 23300 0.0635 0.13 
SW12-2C1-m5_1 1782 28 67100 132200 14400 53000 8530 408 7390 613 1397 141 167 9 27 2 5520 0.0132 0.16 
SW12-2C1-m5_2 1990 51 66600 129000 14000 53300 8540 433 7940 775 2230 250 315 21 67 5 9300 0.0238 0.16 
SW12-2C1-m5_3 1781 28 59900 133000 14500 52000 8250 419 7890 666 1844 211 257 15 45 3 7760 0.0182 0.16 
SW12-2C1-m5_4 1822 29 61900 128000 14300 50200 8430 469 7910 761 2100 244 306 19 60 4 9450 0.0208 0.18 
SW12-2C1-m5_5 2062 53 61700 127000 14200 53200 8620 413 7670 783 2440 340 520 38 131 11 12500 0.0452 0.16 
SW12-2C1-m5_6 1773 28 64200 141000 14800 54200 8380 415 7820 691 1757 198 223 14 37 3 7990 0.0156 0.16 
SW12-2C1-m6_1 2468 26 60100 125000 13500 52200 8200 168 7620 941 3750 623 978 80 291 23 27200 0.0590 0.07 
SW12-2C1-m6_2 2490 26 61400 118000 13810 50500 7900 165 7930 934 3720 640 1011 83 274 23 25700 0.0595 0.06 
SW12-2C1-m6_3 2515 26 60000 121000 12900 47000 7810 570 6740 794 2840 383 530 40 134 10 12750 0.0357 0.24 
SW12-2C1-m6_4 2470 26 65200 124000 14100 53100 8000 335 7070 887 3450 514 783 65 251 20 22300 0.0568 0.14 
SW12-2C1-m7_1 1758 28 64400 127000 14000 48600 8220 406 6920 613 1530 147 168 9 27 2 6010 0.0119 0.16 
SW12-2C1-m7_2 1758 28 63600 124000 13700 52100 7770 386 6620 572 1370 126 133 6 18 1 4810 0.0101 0.16 
SW12-2C1-m7_3 2106 53 63600 130000 14000 49900 8140 385 6780 712 1980 254 350 27 99 8 9100 0.0403 0.16 
SW12-2C1-m7_4 2435 26 59800 118300 13050 47800 7790 173 7220 917 3890 639 1120 114 422 35 28100 0.0883 0.07 
SW12-2C1-m7_5 1749 28 63900 114000 13300 48600 8290 406 7530 754 2110 236 300 18 56 5 8800 0.0210 0.16 
SW12-2C1-m7_6 1783 28 60000 123500 13800 50800 8700 385 7900 800 2320 262 342 23 63 5 10800 0.0225 0.14 
SW12-2C1-m8_1 1736 28 64000 128000 14120 54600 8850 372 8300 880 2350 252 327 21 65 5 9900 0.0193 0.13 
SW12-2C1-m8_2 1746 28 69400 131000 14130 54000 8690 410 7400 666 1660 161 177 10 31 2 5880 0.0123 0.16 
SW12-2C1-m8_3 1739 28 66700 118500 13460 52700 8560 351 7620 738 1910 198 211 13 37 3 7700 0.0131 0.13 
SW12-2C1-m8_4 1734 28 68100 124200 14590 56700 9140 380 9070 1020 3350 462 660 50 167 14 20400 0.0411 0.13 
SW12-2C1-m8_5 1747 28 66100 123000 14300 54400 8800 387 7770 704 1630 168 192 10 28 2 5940 0.0124 0.14 
SW12-2C1-m8_6 1750 28 70600 126000 14500 53600 8610 398 7480 660 1610 157 170 10 28 2 6130 0.0123 0.15 
SW12-2C1-m8_7 1747 28 74300 137000 14800 55000 8750 396 7410 723 1960 204 269 19 57 5 8800 0.0226 0.15 
SW12-2C1-m8_8 1746 28 72200 136000 14700 54600 8760 422 7720 709 1750 171 187 11 31 2 6900 0.0118 0.16 
SW12-2C1-m8_9 1739 28 68300 123800 14800 54000 8850 358 7780 890 2620 333 440 33 105 9 14900 0.0323 0.13 
SW12-2C2-m1_1 2147 26 66900 128000 14200 53300 8330 404 7110 714 2230 303 451 41 159 12 13300 0.0547 0.16 
SW12-2C2-m1_2 2206 19 66400 133000 14400 55300 8330 293 7100 779 2520 382 638 59 230 19 15300 0.0754 0.12 
SW12-2C2-m1_3 1920 37 67100 124000 14740 54300 8660 339 7440 759 1840 207 320 26 99 6 9900 0.0316 0.13 
SW12-2C2-m1_4 1735 19 67000 120000 13600 52300 8400 339 8080 876 2250 239 280 16 45 3 9100 0.0147 0.13 
SW12-2C2-m1_5 1756 19 72300 134000 15100 58600 8900 412 7200 611 1240 113 116 5 15 1 4600 0.0076 0.16 
SW12-2C2-m1_6 1746 19 73900 131000 14700 54500 8700 394 7270 643 1330 120 123 6 16 1 4690 0.0076 0.15 
SW12-2C2-m2_1 2504 17 94000 164000 18000 65300 9930 739 7990 851 2870 382 553 40 133 10 12900 0.0328 0.25 
SW12-2C2-m2_2 1764 19 83000 156000 16600 60800 9680 451 8130 765 1770 183 202 10 30 2 6790 0.0121 0.16 
SW12-2C2-m2_3 2308 18 79500 147000 16200 60700 9930 333 8800 1006 3490 518 848 79 327 27 21900 0.0747 0.11 
SW12-2C2-m2_4 2484 17 74600 135000 13800 52500 8050 363 6870 858 3270 461 753 70 308 28 19100 0.0828 0.15 
SW12-2C2-m2_5 2469 17 70800 152000 16600 59500 9560 191 8900 1171 4920 809 1450 139 538 45 35300 0.0904 0.06 







SW12-2C2-m2_7 1950 31 84000 169000 17500 61800 9600 417 8510 820 2510 317 480 38 145 12 12900 0.0463 0.14 
SW12-2C2-m2_8 2478 18 85000 165000 16500 60700 9060 493 7550 874 3210 468 743 65 251 18 16800 0.0552 0.18 
SW12-2C2-m2_9 2520 17 79700 152000 16200 55400 9090 488 7950 948 3340 489 742 66 256 19 19900 0.0572 0.18 
SW12-2C2-m2_10 2364 18 76400 142000 15900 57700 9360 334 8750 1030 3670 545 890 81 316 25 22000 0.0670 0.11 
SW12-2C2-m3_1 2178 19 62600 126000 13780 51400 8140 405 7140 704 2380 325 523 48 193 15 11500 0.0637 0.16 
SW12-2C2-m3_2 1763 19 63900 133000 13400 48700 7990 418 6440 527 1090 89 95 4 13 1 3480 0.0072 0.18 
SW12-2C2-m3_3 2310 19 60200 128500 14150 48500 7980 279 7150 787 3040 462 757 74 291 24 20500 0.0774 0.11 
SW12-2C2-m3_4 1763 19 63800 126000 13700 49800 7820 375 6540 535 1250 111 124 7 18 1 4410 0.0094 0.16 
SW12-2C2-m3_5 2439 17 57400 124400 12900 46700 7660 283 6540 807 3370 532 890 84 338 27 21700 0.0797 0.12 
SW12-2C2-m3_6 2362 17 58400 118000 13500 48800 7770 424 7260 786 2880 392 575 49 190 15 15800 0.0499 0.17 
SW12-2C2-m4_1 1956 27 73600 150000 16300 57500 9210 464 7670 728 2070 227 286 20 67 5 7400 0.0238 0.17 
SW12-2C2-m4_2 2360 33 68800 137000 15400 58400 9000 350 8600 960 3520 533 830 77 312 24 25500 0.0657 0.12 
SW12-2C2-m4_3 2452 17 63800 139000 15200 56400 8880 343 8270 934 3630 567 900 82 318 24 22600 0.0659 0.12 
SW12-2C2-m4_4 1819 18 71100 132000 15600 56700 9240 567 8790 833 2540 319 431 28 89 6 10860 0.0226 0.19 
SW12-2C2-m4_5 2392 20 64600 131000 14900 54800 8590 478 7760 863 3080 419 617 51 190 14 13370 0.0453 0.18 
SW12-2C2-m4_6 2424 17 68000 135000 16000 58000 9450 708 8170 873 2980 369 434 30 93 7 11160 0.0223 0.25 
SW12-2C2-m5_1 2482 17 80000 146000 18200 66500 9930 330 9300 1090 4400 730 1216 117 467 37 30800 0.0827 0.11 
SW12-2C2-m5_2 2474 18 82000 157000 18500 65800 10120 550 9050 980 3700 515 733 61 232 17 23000 0.0457 0.18 
SW12-2C2-m5_3 2487 18 77200 153000 17300 63700 9930 572 8770 990 3410 440 580 43 156 12 15800 0.0332 0.19 
SW12-2C2-m5_4 2490 18 77100 150000 17800 66000 10290 550 9120 1030 3920 552 830 70 276 22 24700 0.0540 0.17 
SW12-2C2-m5_5 2496 17 81700 166000 18800 64000 9900 706 8840 931 3230 424 534 37 127 9 15400 0.0265 0.23 
SW12-2C2-m5_6 2365 18 72400 141000 17200 63800 9850 290 9500 1068 4280 686 1090 100 417 32 29200 0.0736 0.09 
SW13-4 m1_1 1744 19 55200 128000 13400 51200 9180 257 9540 1150 3900 461 550 32 90 6 20500 0.0159 0.08 
SW13-4 m1_2 1740 19 63700 134000 14400 53400 9560 289 10700 1360 4650 570 670 40 117 8 24000 0.0167 0.09 
SW13-4 m1_3 1735 19 40000 91400 8810 33800 5730 182 5850 674 1980 239 258 15 41 3 8230 0.0142 0.10 
SW13-4 m1_4 1756 19 67900 131900 14400 54400 8270 262 6610 516 1043 87 96 4 14 1 3390 0.0082 0.11 
SW13-4 m1_5 1764 19 63000 142000 14800 52200 8710 333 7040 523 974 74 77 3 11 1 2570 0.0067 0.13 
SW13-4 m1_6 1766 19 67300 146000 15500 55700 8780 344 7350 550 1068 81 86 4 12 1 3090 0.0076 0.13 
SW13-4 m1_7 1778 20 66100 141000 14500 51900 8780 454 7540 702 2100 222 230 11 25 2 7100 0.0075 0.17 
SW13-4 m1_8 1773 19 64600 133000 15100 52100 8410 445 7070 605 1470 150 160 7 21 1 5140 0.0090 0.18 
SW13-4 m1_9 1757 19 57000 119400 14100 49200 7780 246 6430 502 1180 117 136 7 23 2 4030 0.0134 0.11 
SW13-4 m2_1 2006 19 53000 114400 12010 45000 7140 231 5980 602 1850 233 304 24 88 8 8140 0.0420 0.11 
SW13-4 m2_2 2346 18 61700 124000 13600 52700 8360 238 8250 929 3360 426 582 47 177 14 17900 0.0396 0.09 
SW13-4 m2_3 2474 17 59700 129000 14110 54200 8390 264 7770 937 3370 438 604 53 204 16 20300 0.0479 0.10 
SW13-4 m2_4 2480 17 54000 117000 12420 49500 7820 206 7330 898 3470 486 766 70 285 24 22700 0.0672 0.08 
SW13-4 m2_5 2445 17 49800 100000 11700 43500 7610 167 7660 910 3680 579 960 90 379 31 27700 0.0834 0.07 
SW13-4 m2_6 2168 18 49000 103300 11430 40900 6660 203 6740 736 2450 343 526 46 172 14 12800 0.0574 0.09 
SW13-4 m2_7 2487 18 63000 133000 13800 50000 7890 224 7380 883 3130 410 567 50 189 14 15800 0.0455 0.09 
SW13-4 m3_1 1732 19 45100 95000 10960 42500 7310 229 8050 1079 4180 586 855 59 184 15 29700 0.0358 0.09 
SW13-4 m3_2 1735 19 61800 129000 13700 50300 9140 271 8730 914 2710 298 311 18 51 4 12300 0.0131 0.09 
SW13-4 m3_3 1997 39 57100 127000 13700 50700 8430 260 8030 929 3050 383 490 37 115 10 17500 0.0332 0.10 
SW13-4 m3_4 2486 18 60100 124000 13950 49900 8450 247 7560 958 3440 461 692 60 240 20 20400 0.0569 0.09 
SW13-4 m3_5 2430 18 63000 127000 14300 52700 8350 216 7660 917 3470 482 772 69 251 20 23900 0.0573 0.08 
SW13-4 m3_6 2427 17 55700 118000 12600 49800 7810 198 7210 888 3500 534 823 69 274 23 25400 0.0652 0.08 
SW13-4 m3_7 1803 18 54900 114000 12800 47200 7440 232 5780 443 929 86 99 6 20 2 3590 0.0171 0.11 
SW13-4 m3_8 2480 17 58400 125000 13800 52000 8120 225 7480 924 3400 484 722 64 261 21 21300 0.0605 0.09 
SW13-4 m3_9 2097 28 63700 130200 13900 52300 8260 296 6940 660 2160 270 421 36 140 12 11000 0.0560 0.12 
SW13-4 m4_1 2072 19 57600 117000 12100 46400 7120 371 5450 516 1660 219 309 26 104 8 8730 0.0483 0.18 
SW13-4 m4_2 1832 21 47900 100000 10800 40400 6070 333 4730 397 1080 102 115 6 24 2 4440 0.0170 0.19 
SW13-4 m4_4 1814 23 45900 94000 9900 36100 5800 320 4940 413 1160 128 145 8 32 3 4300 0.0243 0.18 
SW13-4 m4_5 1955 21 62700 129000 13900 51100 8190 420 6750 600 1800 222 296 22 74 6 7900 0.0328 0.17 







SW13-4 m5_2 1759 19 67500 134800 15300 56800 8350 284 6690 496 1080 94 95 4 14 1 3600 0.0083 0.12 
SW13-4 m5_3 1749 19 64000 135000 14780 53400 8820 294 7260 588 1410 125 132 7 20 1 5240 0.0095 0.11 
SW13-4 m5_4 2156 18 63800 127900 14600 53300 8340 240 7380 696 2500 365 559 53 205 17 16600 0.0669 0.09 
SW13-4 m5_5 2482 18 68100 139000 14600 56400 8610 251 8030 920 3270 426 635 56 220 18 15600 0.0533 0.09 
SW13-4 m5_6 1859 19 63300 128000 15100 56500 8700 283 6910 499 1160 111 134 9 35 2 4000 0.0197 0.11 
SW13-4 m5_7 1949 21 62600 128900 14300 53900 8780 287 7340 656 1599 194 254 19 66 6 6210 0.0375 0.11 
SW13-4 m5_8 1759 19 61300 118000 13400 48200 7600 256 6030 447 990 88 94 4 15 1 3200 0.0095 0.12 
SW13-4 m5_9 1756 19 69600 134100 14700 57700 8630 273 6950 515 1087 90 95 4 14 1 3450 0.0081 0.11 
SW13-4 m6_1 2470 17 53600 106700 12270 47500 7710 148 7160 931 3760 604 1057 102 420 35 26000 0.0905 0.06 
SW13-4 m6_2 2271 18 62700 122000 14300 56800 8470 298 6940 720 2630 388 674 65 259 22 17300 0.0816 0.12 
SW13-4 m6_3 2424 18 48400 96100 10880 41900 6660 165 6570 775 3320 514 852 84 361 30 21700 0.0877 0.08 
SW13-4 m7_1 2392 18 56600 104000 12500 46100 7260 198 6790 774 3250 466 762 72 290 24 19600 0.0739 0.09 
SW13-4 m7_2 2415 17 59200 113000 13000 48400 7840 216 7270 836 3250 483 712 66 265 19 17600 0.0587 0.09 
SW13-4 m7_3 2337 18 61500 116000 13200 50700 8350 254 7130 800 3080 491 810 76 277 24 22800 0.0754 0.10 
SW13-4 m7_4 2106 27 64400 125000 13630 54100 8220 328 6540 645 2160 320 470 42 154 13 10800 0.0583 0.14 
SW13-4 m8_1 1735 19 53900 103100 13200 51000 8880 274 9420 1230 5000 709 1030 80 250 20 30800 0.0384 0.09 
SW13-4 m8_2 1746 19 65000 130000 13600 51800 8510 286 7950 893 3250 412 598 46 143 11 17100 0.0331 0.11 
SW13-4 m8_3 1764 19 68900 136000 15300 58500 8640 327 6850 459 895 70 67 3 8 1 2430 0.0068 0.13 
SW13-4 m8_4 1761 19 67900 128000 14800 57000 8900 340 6880 488 966 70 69 3 11 1 2480 0.0055 0.13 
SW13-4 m8_5 1869 21 67000 144000 15800 64300 9300 354 8360 764 2260 260 332 26 88 7 9600 0.0296 0.12 
SW13-4 m8_6 1842 21 59900 128000 14500 59100 8690 373 6950 496 1141 114 143 10 39 3 3840 0.0247 0.15 
SW13-4 m8_7 1791 22 61400 115000 13700 52800 8380 324 8370 1020 4110 570 770 57 186 13 23000 0.0318 0.12 





           Unormalized major element bulk rock compositions from XRF analysis 
 
Sample SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O P2O5 Sum 
SC13-6 57.46  1.956 15.98  15.76  0.105 2.36  1.70  1.89  1.96  0.073 99.26  
EG13-4 76.19  0.531 10.75  5.34  0.022 1.98  0.13  1.66  2.10  0.055 98.75  
EG13-5 62.03  1.433 11.84  13.80  0.054 9.26  0.50  0.97  0.03  0.329 100.23  
SW12-1A 56.66  2.240 24.63  5.51  0.061 2.05  2.68  1.94  0.68  0.214 96.67  
SW13-4 59.43  1.517 22.83  5.34  0.063 2.58  3.98  1.95  0.60  0.121 98.41  
 
